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ABSTRACT
T h i s  s t u d y  a t t e m p t s  t o  a n a l y s e  t h e  f a c t o r s  t h a t  a re  
l i k e l y  t o  i n f l u e n c e  demand, f o r  p e t r o l  i n  t h e  U n i t e d  
K i n g d o m , t h r o u g h  a model  b u i l d i n g  a ppr o ac h  based on p r a g ­
m a t i c  c o n s i d e r a t i o n s .
P e t r o l  demand i s  c o n s i d e r e d  as a r i s i n g  m a i n l y  f r om 
v a r i a t i o n s  i n  d e s i r e d  c a r  o w n e r s h i p ,  c a r  c o n s u m p t i o n  
c h a r a c t e r i s t i c s  and c a r  u t i l i s a t i o n  r a t e s  w h i c h  a r e  ; . 
t h e  outcomes o f  d e c i s i o n s  t a k e n  w i t h  r e s p e c t  t o  changes,  
i n  t h e  economi c  e n v i r o n m e n t .  T h i s  a s s u m p t i o n  l e a d s  to  
' t h e  c o n s t r u c t i o n  o f  a f o u r - e q u a t i o n  e c o n o m e t r i c  model  
w h i c h  i s  e s t i m a t e d  on t h e  b a s i s  o f  d a t a  c o v e r i n g  t h e  
p e r i o d  1955 -  1973,  The m o d e l * s  v a l i d i t y  i s  t e s t e d  f o r  
t h e  y e a r s  1974 -  1976,
 ^ The- e s t i m a t e s  d e r i v e d  s u g g e s t  t h a t  p e t r o l  p r i c e
i n c r e a s e s  a r e  u n l i k e l y  t o  a f f e c t  s h o r t - r u n  p e t r o l  d e -  
•mand, w h i c h  a ppe ar s  as b o t h  p r i c e  and i ncome i n e l a s t i c .  
I n  t h e  l o n g - r u n  however  s i g n i f i c a n t  p e t r o l  p r i c e  i n c r e a ­
ses may r e s u l t  i n  p e o p l e  l o o k i n g  f o r  more e c o n o m i c a l  
( f r o m  t h e  p o i n t  o f  v i ew  o f  p e t r o l  c o n s u m p t i o n ) ,  c a r s .
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INTRODUCTION
The p u r p o s e  o f  t h i s  s t u d y  i s  t o  examine t h e  f a c t o r s  t h a t  
a r e  l i k e l y  t o  i n f l u e n c e  consumer  demand , f o r  m o t o r  s p i r i t  i n  
t h e  U n i t e d  K ingdom,  and t o  e v a l u a t e  t he  r e s p o n s e  o f  economi c  
u n i t s  -  i n  t h e  fo rm o f  e s t i m a t e d  e l a s t i c i t i e s  -  t o  changes 
i n  t h e  economi c  v a r i a b l e s  c o n s i d e r e d  t o  d e t e r m i n e  demand, 
d i r e c t l y  o r  i n d i r e c t l y ,  d u r i n g  t h e  p e r i o d  1 9 5 5 - 1 9 7 3 ,
The s t u d y  i s  p a r t  o f  a more g e n e r a l  a t t e m p t  by t he  
D e p a r t m e n t  o f  Economics  a t  t h e  U n i v e r s i t y  o f  S u r r e y  t o  a n a l y s e  
m a r k e t s  f o r  e n e r g y  p r o d u c t s  and d e r i v e  u s e f u l  q u a n t i t a t i v e  
k n ow l edg e  r e l a t i n g  t o  t h e  demand f o r  t h e s e  p r o d u c t s .
U n t i l  a few y e a r s  ago l i t t l e  u s e f u l  work  had been done 
on t h e  demand f o r  m o t o r  s p i r i t  e i t h e r  i n  t h e  U n i t e d  Kingdom 
o r  i n  o t h e r  c o u n t r i e s .  However ,  t h e  e v e n t s  o f  1973 ,  t h e  so 
c a l l e d  * e n e r g y  c r i s i s ' ,  a p a r t  f rom l e a d i n g  t o  r e c o n s i d e r a t i o n  
on t h e  c o n s u m e r ' s  p a r t  r e g a r d i n g  h i s  c o n s u m p t i o n  p a t t e r n s ,  
a l s o  b r o u g h t  a b o u t  some new i n t e r e s t  on t h e  s u b j e c t .  .The 
number o f  r e s e a r c h  p a p e r s  t h a t  have appe ar ed  s i n c e  t he n  
v e r i f i e s  t h e  v i e w  t h a t  c r i s i s  i s  t h e  m o t h e r  o f  a n a l y s i s .
Fo r  most  o f  t h e  1950s and 1960s t h e  p r i c e  o f  m o t o r  
s p i r i t ,  as i n d e e d  o f  most  e n e r g y  p r o d u c t s ,  a p p e a r s  t o  have 
f a l l e n  i n  r e a l  t e r m s .  The c o n c e n t r a t i o n  o f  s e l l e r s  on 
m a r k e t i n g  a c t i o n s  a i m i n g  a t  s a l e s  p r o m o t i o n  -  such as g i f t s  
o f f e r e d  -  i n d i c a t e s  t h a t  t h e  p r o d u c t  was i n  a b u y e r s '  m a r k e t .  
Excess  c a p a c i t y  i n  r e f i n i n g  s t r e n g t h e n e d  t h e  i n f l u e n c e  o f  
i n d e p e n d e n t  m a r k e t e r s ,  whose emergence o f t e n  r e s u l t e d  i.n 
p r i c e  w a r s .  I n  s e l e c t i n g  new c a r s  mos t  consumers  p a i d  
l i t t l e  a t t e n t i o n  t o  m i l e s  g i v e n  by a s p e c i f i c  c a r  p e r  g a l l o n
o f  m o t o r  s p i r i t * .
However ,  a f t e r  1973,  t h e  p o s i t i o n  was r e v e r s e d .  A c t i o n s  
such as c o n s e r v a t i o n  campai gns  o r  i m p o s i t i o n  o f  speed l i m i t s  
were d i r e c t e d  t o w a r d s  d e c r e a s i n g  t h e  demand f o r  m o t o r  s p i r i t .  
P o l i c y  measures  such as t h e s e  r e q u i r e  some q u a n t i t a t i v e  
k n ow l edg e  as t o  how consumers  a r e  l i k e l y  t o  r e a c t  t o  changes 
i n  t h e i r  economi c  e n v i r o n m e n t .  Hence i t  a p p e a r s  t h a t  
' w h a t  i s  needed i s  some e c o n o m e t r i c  e v i d e n c e  
on t h e  l i k e l y  r e s p o n s e  o f  a g g r e g a t e  demand t o  
h i g h e r  p r i c e s ,  b u t  u n f o r t u n a t e l y  t h e r e  i s  
n o t h i n g  a v a i l a b l e ;  even f o r  i n d i v i d u a l  f u e l s  
t h e r e  i s  l i t t l e  e v i d e n c e  on p r i c e  e l a s t i c i t i e s ' * * .
The d e c i s i o n  t o  r e s p o n d  to  t h e  above c a l l  by p r o v i d i n g  
e c o n o m e t r i c  e v i d e n c e  o f  p r i c e  (and i nc om e)  e l a s t i c i t i e s  o f  
t h e  demand f o r  m o t o r  s p i r i t  was based on some i m p o r t a n t  
c o n s i d e r a t i o n s ,  f i r s t ,  a l m o s t  w i t h o u t  e x c e p t i o n  t h e r e  i s  
a s t r o n g  t e c h n o l o g i c a l  c o m p l e m e n t a r i t y  between t h e  demand 
f o r  e n e r g y  p r o d u c t s  and t h e  c o r r e s p o n d i n g  c onsumi ng  u n i t s  
( e n e r g y  c ons umi ng  a p p l i a n c e s )  w h i c h  t o  a g r e a t  e x t e n t  
g o ve rn  t h a t  demand.  A , r e a l i s t i c  i n v e s t i g a t i o n  t h u s ,  w o u l d  
c a l l  f o r  a c o n s i d e r a t i o n  o f  some s o r t  o f  s t o c k  o f  a p p l i a n c e s  
e f f e c t .
*  H .S .  H o u t h a k k e r ,  P . K .  V e r l e g e r  d r . ,  and D . P .  Sheehan:  
' D yn am i c  Demand A n a l y s e s  f o r  G a s o l i n e  and R e s i d e n t i a l  
E l e c t r i c i t y ' , Amer ican  J o u r n a l  o f  A g r i c u l t u r a l  E c o n o m i c s ,  
1974,  Volume 56,  P a r t  2,  p . 412.
* *  C. R o b i n s o n :  ' The  i ) e p l e t i o n  o f  En er gy  R e s o u r c e s '  i n  t h e
Economics  o f  N a t u r a l  Reso ur ce  D e p l e t i o n ,  ed .  by D.U.  P e a r c e  
and d .  Rose,  M a c m i l l a n ,  1975 ,  p . 3 8 .
U n f o r t u n a t e l y ,  i n f o r m a t i o n  r e l a t i n g  t o  s t o c k s  o f  mos t  e ne rg y  
c onsumi ng  a p p l i a n c e s  i s  r a t h e r  r a r e  and t h i s  has l e d  
i n v e s t i g a t o r s  e i t h e r  t o  base t h e i r  a n a l y s i s  on s t o c k  d a t a  
o f  q u e s t i o n a b l e  q u a l i t y *  o r  t o  r e s o r t  t o  m a t h e m a t i c a l  
m a n i p u l a t i o n s .  The l a t t e r  a r e  used i n  o r d e r  t o  e l i m i n a t e
■ ■ V . ■
t h e  i n f l u e n c e  o f  t h e  (unknown)  s t o c k  v a r i a b l e  f r om  t h e  
r e l e v a n t  demand e q u a t i o n s  and t h u s  t o  i s o l a t e  s h o r t - r u n  
v a r i a t i o n s  i n  t h e  q u a n t i t y  demanded due . t o  v a r i a t i o n s  i n  
t h e  r a t e  o f  u t i l i s a t i o n  o f  t h e  a p p l i a n c e s * # .  W i t h o u t  such 
t r a n s f o r m a t i o n s ,  an a n a l y s i s  o f  t h e  demand f o r  e n e r g y  p r o d u c t s  
w ou ld  be o f  v e r y  l i m i t e d  u s e .  M o r eo v e r  i t  w ou l d  c r e a t e  t h e  
d i f f i c u l t y  o f  c o n c e p t u a l l y  d i s t i n g u i s h i n g  be tween p r o d u c t s  
t h a t  l i k e ,  s a y ,  o ra ng e s  o r  a p p l e s  g i v e  s a t i s f a c t i o n  d i r e c t l y .
■* P.M.  F i s h e r  and C. Kaysen:  'A S t u d y  i n  E c o n o m e t r i c s :
The Demand f o r  E l e c t r i c i t y  i n  t h e  U n i t e d  S t a t e s ' ,  
N o r t h - H o l l a n d  P u b l i s h i n g  Co. -  Amsterdam,  1 962 .
R e f e r r i n g  t o  t h e i r  e s t i m a t e s  o f  s t o c k s  o f  e l e c t r i c i t y  
u s i n g . a p p l i a n c e s  t h e y  p o i n t  o u t :  "These e s t i m a t e s
r an ge  i n  q u a l i t y ,  i n  o u r  o p i n i o n ,  f rom somewhat  b e l ow  
t h e  s u b l i m e  to  a b i t  above t h e  r i d i c u l o u s " .  Op. c i t ,  p . 27
■** P. B a l e s t r a :  ' Th e  Demand f o r  N a t u r a l  Gas i n  t h e
• U n i t e d  S t a t e s :  A Dynamic Appr oach  f o r  t h e  R e s i d e n t i a l
and Commer c i a l  M a r k e t ' ,  N o r t h - H o l l a n d  P u b l i s h i n g  C o . ,  
Amsterdam,  1967.
-  4  -
and p r o d u c t s  whose demand i s  d e r i v e d  f r om t h e  demand f o r  
s e r v i c e s  o f  t h e  u n d e r l y i n g  consumi ng  e q u i p m e n t .  M a t h e m a t i c a l  
t r a n s f o r m a t i o n s  o f  t h i s  t y p e ,  t h o u g h ,  i mpose t h e  r e s t r i c t i v e  
a s s u m p t i o n  t h a t  s t o c k s  i n c r e a s e  a t  a c e r t a i n  c o n s t a n t  r a t e  
o v e r  t i m e .  Hence,  t h e  e s t i m a t e s  o b t a i n e d  as w e l l  as t h e  
c o n c l u s i o n s  based upon them a r e  u n a v o i d a b l y  i n f l u e n c e d  by 
an a s s u m p t i o n  t h a t  may n o t  be r e a l i s t i c .  I f  one w i s h e s  t o  
p r o d u c e  some u s e f u l  work  i n  t h e  f i e l d  o f  e n e r g y  demand one 
s h o u l d  r e s o r t  t o  t h i s  s o r t  o f  a s s u m p t i o n  o n l y  as t h e  l a s t  
s o l u t i o n .  However ,  s u f f i c i e n t  i n f o r m a t i o n  r e l a t i n g  t o  t h e  
U .K .  s t o c k  o f  p e t r o l  consumi ng  m o t o r  v e h i c l e s  has been f o u n d  
t o  make, t h i s  t y p e  o f  a s s u m p t i o n  u n n e c e s s a r y  i n  an e m p i r i c a l  
i n v e s t i g a t i o n  o f  m o t o r  s p i r i t  demand.
Second,  t h e  d e v e l o p m e n t  o f  a p p l i e d  e n e r g y  demand a n a l y s i s  
i s  p r o b a b l y  b e t t e r  s e r v e d  by t h e  c a r e f u l  s t u d y  o f  e l e m e n t a r y  
phenomena than^ by t h e  p u r s u i t  o f  comp lex  t h e o r e t i c a l  
s t r u c t u r e s .  T h r o u g h o u t  t h e  s t u d y  an a t t e m p t  was made to  
keep a b a l a n c e  between t h e  r e q u i r e m e n t s  o f  a c ade mi c  r e s e a r c h  
and t h e  p r a c t i c a l  q u e s t i o n s  w h i c h  an e m p i r i c a l  i n v e s t i g a t i o n  
i s  aimed a t  a n s w e r i n g .  N e v e r t h e l e s s ,  whenever  a c r u c i a l  
d e c i s i o n  had t o  be made common sense r a t h e r  t ha n  a c ad em ic  
e l e g a n c e  was g i v e n  p r i o r i t y .  I m p l i c i t  i n  t h i s  d e c i s i o n  
t h e r e  was a r emar k  t h a t  f o l l o w e d  t h e  p r e s e n t a t i o n  o f  a 
p ap er  by M . 3 .  F a r r e l  on t h e  demand f o r  m o t o r  c a r s  i n  t h e  
U n i t e d  S t a t e s .  A. W e b s t e r ,  one o f  t h e  p a r t i c i p a n t s ,  s a i d  
t h a t  he was c o n c e r n e d  t o  some e x t e n t  w i t h  t h e  d e t e r m i n a t i o n  
o f  demand and he was g l a d  t o  see a cademi c  r e s e a r c h ,  a l w a y s  
h o p i n g  t h a t  i t  c o u l d  be t u r n e d  t o  p r a c t i c a l  u s e .  B u t ,
-  5 -
' f r a n k l y  so f a r '  he added ' I  do n o t  see what  has been 
p r e s e n t e d  t o  us t h i s  e v e n i n g  c o u l d  be so t u r n e d ' * .
The c o n t e n t s  o f  t h i s  s t u d y  may be summar i sed as f o l l o w s ;
I n  c h a p t e r  1 t h e  i n t e r r e l a t i o n s h i p  o f  t h e  m o t o r  s p i r i t  
and c a r  m a r k e t s  i s  s t r e s s e d  and an o u t l i n e  o f  t h e  d e v e l o p m e n t s
t h a t  t o o k  p l a c e  i n  them b e f o r e  and d u r i n g  t h e  p e r i o d  u n d e r
i n v e s t i g a t i o n  i s  g i v e n .
I n  c h a p t e r  2 t he  e x t e n t  t o  w h i c h  c l a s s i c i a l  t h e o r y  may 
be o f  h e l p  t o  an i n v e s t i g a t o r  o f  t h e  demand f o r  m o t o r  s p i r i t  
i s  e v a l u a t e d  and a s i m p l e  p r i c e - i n c o m e  m o d e l ,  r e p r e s e n t i n g  
an a p p r o x i m a t i o n  o f  t h e  p o s t u l a t e s  o f  demand t h e o r y ,  i s  
t e s t e d .  T h i s  l e a d s  t o  a q u e s t i o n i n g  o f  w h e t h e r  such a model  
may p r o v i d e  a r e a l i s t i c  e x p l a n a t i o n  o f  t h e  o b s e r v e d  f a c t s .
I t  a l s o  c a l l s  f o r  an e x a m i n a t i o n  o f  how o t h e r s  have t r e a t e d  
t h e  p r o b l e m  o f  t h e  demand f o r  m o t o r  s p i r i t .
The r e v i e w  o f  t h e  r e l e v a n t  l i t e r a t u r e  i n  c h a p t e r  3
s u g g e s t s  t h a t  t h e  p r o b l e m  has been t a c k l e d  i n  two d i f f e r e n t
ways ;  t h r o u g h  t h e  use o f  d a t a  r e l a t i n g  to  t e c h n o l o g i c a l  
c h a r a c t e r i s t i c s  o f  c a r s  ( e n g i n e e r i n g  a p p r o a c h )  and t h r o u g h  
t h e  use o f  i n f o r m a t i o n  c o n c e n t r a t i n g  on s o c i o - e c o n o m i c  
v a r i a b l e s  ( e c o n o m e t r i c  a p p r o a c h ) .
Nobody,  so f a r ,  has t r i e d  t o  r e c o n c i l e  t h e  two d i f f e r e n t  
l i n e s  o f  t h o u g h t  by c o m b i n i n g  e n g i n e e r i n g  t y p e  d a t a  i n t o  an 
e c o n o m e t r i c  model  o r  v i c e  v e r s a .  T h i s  i s  a t t e m p t e d  i n  
c h a p t e r  4 where t h e  nai ' ve p r i c e - i n c o m e  model  i s  m o d i f i e d
*  M . J ,  F a r r e l ,  ' Th e  Demand f o r  M o t o r  Cars i n  t h e  USA*,
U n i v e r s i t y  o f  Ca mb r id ge ,  D e p a r t m e n t  o f  A p p l i e d  E c o n o m i c s ,  
1954 ,  p . p .  1 9 8 - 1 9 9 .
-  6 -
and s t r e n g t h e n e d  so as t o  be a b l e  t o  d e s c r i b e  t h e  p r o c e s s e s  
a t  work as r e a l i s t i c a l l y  as. p o s s i b l e .  The s t o c k  o f  e q u i p m e n t  
e f f e c t ,  w h i c h  i s  so i m p o r t a n t  i n  e n e r g y  demand s t u d i e s ,  i s  
i n c o r p o r a t e d  i n  t he  model  a l o n g  w i t h  a v a r i a b l e  ( a v e r a g e  
e n g i n e  c a p a c i t y  o f  p r i v a t e  c a r s  i n  u s e )  s t a n d i n g  as a p r o x y  
f o r  t h e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e  a v e r a g e  c a r .
N e v e r t h e l e s s ,  t o  c o n c l u d e  t h a t  a p a r t  f r o m t h e  p r i c e  o f  
m o t o r  s p i r i t  and c o n s u m e r s ’ i n co m e,  t h e  number o f  c a r s  i n ,  
use and t h e i r  c o n s u m p t i o n  c h a r a c t e r i s t i c s  a r e  t h e  mos t  
i m p o r t a n t  f a c t o r s  i n  a demand f u n c t i o n  f o r  m o t o r  s p i r i t  
wo u l d  be e q u i v a l e n t  t o  g o i n g  o n l y  h a l f  way t o w a r d s  t h e  
r e q u i r e m e n t s  o f  an e conomi c  i n v e s t i g a t i o n .  V a r i a t i o n s  i n  
t h e  l a s t  two v a r i a b l e s  a r e  t h e  outcome o f  e co no mi c  d e c i s i o n s  
as w e l l ,  t h a t  have t o  be d e s c r i b e d  i n  t e rms  o f  b e h a v i o u r a l  
e q u a t i o n s  w i t h i n  a m u l t i - e q u a t i o n  m o d e l .  C h a p t e r  5 d e a l s  
w i t h  t h e  c o n s t r u c t i o n  o f  such a model  and i t s  s t a t i s t i c a l  
e s t i m a t i o n .  T h i s  may be t a k e n  as an a d d i t i o n a l  c o n t r i b u t i o n  
o f  t h i s  s t u d y  t o w a r d s  t h e  p r o b l e m  o f  e s t a b l i s h i n g  a demand 
f u n c t i o n  f o r  m o t o r  s p i r i t  n o t  o n l y  i n  t h e  U .K .  b u t ,  d a t a  
p e r m i t t i n g ,  i n  o t h e r  c o u n t r i e s  as w e l l .
C h a p t e r  6 i s  d e v o t e d  t o  a n o n - t e c h n i c a l  summary " a l o n g  
w i t h  some c o n c l u s i o n s  and r e co mm e n d a t i o n s  f o r  f u r t h e r  
r e s e a r c h .
C h a p t e r  1
H i s t o r i c a l  Backg r ound
1 . 1  I n t e r d e p e n d e n c e  o f  t he  c a r  and p e t r o l  m a r k e t s .
An i n v e s t i g a t i o n  o f  t h e  demand f o r  any p r o d u c t  s h o u l d  
be p r e ce de d  by an e x a m i n a t i o n  o f  t h e  e x i s t e n c e  o f  c o m m o d i t i e s  
w h i c h  a r e  c l o s e  s u b s t i t u t e s  f o r  o r  comp lements  t o  t he  commod i ty  
u n d e r  c o n s i d e r a t i o n .  F a i l u r e  t o  r e c o g n i s e  t h e  i m p o r t a n c e  
o f  r e l a t e d  goods and t h e  l i k e l y  i n f l u e n c e  o f  t h e i r  p r i c e s  
o r  q u a n t i t i e s  s o l d  o r  p os ses s ed  on t he  q u a n t i t i e s  demanded 
o f  t h e  p r o d u c t  u n de r  s t u d y  may g i v e  r i s e  to m i s l e a d i n g  
c o n c l u s i o n s .  G.B.  S t i g l e r ,  o r d e r i n g  t h e  d e t e r m i n a n t s  o f  t h e  
demand f o r  a p r o d u c t ,  s t r e s s e s  t h a t  t h e  p r i c e s  o f  r e l a t e d  
goods a r e  t h e  second m a j o r  f a c t o r .  The p u r c h a s e s  o f  a u t o ­
m o b i l e s ,  he a r g u e s ,  w i l l  depend upon t h e  p r i c e  o f  g a s o l i n e . *
The c o m p l e m e n t a r i t y  o f  goods s tems f r o m t h e  n a t u r e  o f  
consumer  t a s t e s ,  w h i c h  r e s u l t  i n  some p r o d u c t s  b e i n g  
h a b i t u a l l y  consumed t o g e t h e r ,  f o r  e x a m p l e ,  b r e ad  and b u t t e r ,  
o r  f r o m some t e c h n i c a l  r e l a t i o n s h i p  w h i c h  makes one n e c e s s a r y  
i f  t h e  o t h e r  i s  t o  be e n j o y e d .  I t  f o l l o w s  t h a t  c o m p l e m e n t a r i t y  
need n o t  e x i s t  f o r  a l l . t i m e s  -  t a s t e s  may change o r  t e c h n o l o g y  
may a l t e r  ( f o r  e x a mp le ,  e l e c t r i c  p o w e r - d r i v e n  m o t o r  v e h i c l e s  
may r e p l a c e  p e t r o l - d r i v e n  c a r s ) .
I n  t he  p o s t - w a r  p e r i o d  p e t r o l  and m o t o r  c a r s  have been 
c l o s e l y  c o m p l e m e n t a r y  i n  t h e  t e c h n o l o g i c a l  s e n s e .  Such a 
r e l a t i o n s h i p  d i c t a t e s  t h a t  a s u c c e s s f u l  s t u d y  o f  p e t r o l
*  C .B.  S t i g l e r :  ’ T he or y  o f  P r i c e ’ , 3 rd  e d i t i o n .
The M a c m i l l a n  C o . ,  New Y o r k ,  1965 ,  p . 31.
demand s h o u l d  n o t  o n l y  c o n c e n t r a t e  on d e v e l o p m e n t s  i n  t h e  
p e t r o l  m a r k e t  a l o n e  b u t  i n  t h e  c a r  m a r k e t  as w e l l ,  g i v e n  
t h a t  changes i n  one w i l l  i n e v i t a b l y  a f f e c t  t h e  o t h e r .  S i n c e  
t h e  d e c i s i o n  o f  an i n d i v i d u a l  t o  consume p e t r o l  f o l l o w s  t h e  
d e c i s i o n  t o  buy a c a r ,  a b r i e f  l o o k  a t  t he  c a r  m a r k e t  i s  
t a k e n  f i r s t .
1 . 2  An o v e r v i e w  o f  t h e  c a r  m a r k e t *
Fo r  an i d e a  o f  t h e  g r o w t h  i n  c a r  o w n e r s h i p  o v e r  t h e
p a s t  decades t h e  l a n g u a g e  o f  f i g u r e s  seems t o  be more 
a p p r o p r i a t e  t h a n  a v e r b a l  d e s c r i p t i o n .  I n  1904 t h e  t o t a l  
number o f  p r i v a t e  m o t o r  v e h i c l e s  i n  use i n  t h e  U n i t e d  Kingdom 
was 8465 ;  by 1973 t h e  l e v e l  o f  c a r  o w n e r s h i p  was 13805 
t ho u s a n d  ( f i g u r e  1,  f o r  1 9 5 5 - 7 3 ) .  T a k i n g  i n t o  a c c o u n t  
changes i n  p o p u l a t i o n  t h i s  i m p l i e s  t h a t  t h e  r a t i o s  o f  c a r s /  
p e r s o n s  were 1 :3 8 90  and 1 : 4  r e s p e c t i v e l y .  T h i s  p a t t e r n  o f  
g r o w t h  by and l a r g e ,  seems t o  j u s t i f y  t h e  v i e w  t h a t  
"when t h e  p r o d u c t  i s  f i r s t  i n t r o d u c e d  t h e r e  i s  
. l i k e l y  t o  be a . c e r t a i n  amount  o f  s u s p i c i o n  among
consumers  f o r  a t i m e  -  p a r t l y  oin e m o t i o n a l  r e a c t i o n
t o  s o m e t h i n g  new w h i c h  m i g h t  a ppe ar  l i k e l y  t o  r e n d e r  
o b s o l e t e  o n e ’ s w e l l  t r i e d  p o s s e s s i o n s ,  and p a r t l y  a 
k n o w l e d g e ,  w e l l  f o u nd ed  i n  e x p e r i e n c e ,  t h a t  t h o s e
*  The d i s c u s s i o n  i n  t h i s  s e c t i o n  c o n c e n t r a t e s  on
d e v e l o p m e n t s  i n  t h e  p r i v a t e  c a r  m a r k e t ;  f o r  a d e t a i l e d  
a n a l y s i s  s e e :  D.G.  Rhys :  ’ The M o t o r  I n d u s t r y :  An
Economic  S u r v e y ’ , B u t t e r w o r t h s ,  London ,  1 972 .
G r ou th  i n  p r i v a t e  c a r  o w n e r s h i p  i n  t h e  U n i t e d  .Kinndom
Number o f  c a r s  i n  use ( m i l l i o n )
15.5
Ai.o
10.5
10.0
9.5
9.0
8.5
8.0
7.5
7.0
6.5
5.5
'65 '64 ; '65 '66 ' e j  '68 o0 'To '7l '72
-  lU  -
"uho buy neu d u r a b l e s  i n  t h e i r  e a r l y  s t a g e s  a r e  
l i k e l y  t o  s u f f e r  f r o m t e e t h i n g  t r o u b l e s  w h i c h  
l a t e r  p u r c h a s e s  w i l l  a v o i d ” . *
P a r t i c u l a r l y  i n  t h e  v e r y  e a r l y  s t a g e s  t h e  number o f  
p e o p l e  uho wanted  a c a r  was s m a l l  even i f  t h e i r  i ncome d i d  
n o t  impose s e r i o u s  c o n s t r a i n t s .  The a t t i t u d e ,  t o w a r d s  c a r s  
may b e s t  be g i v e n  by t h e  f o l l o w i n g  q u o t a t i o n  f r om  B i r m i n g ha m 
P o s t  (20 A p r i l  1 9 0 7 ) :
" T h i s  y e a r  w i l l  see a c o l o s s a l  w e e k l y  o u t p u t  o f  
m o t o r  c a r s  . . .  t h e  t o t a l  . . .  p e r  week i s  n o t  f a r  
s h o r t  o f  . . .  250 . . .  To t h e  c a s u a l  o b s e r v e r  i t  
d o u b t l e s s  a pp ea r s  t h a t  soon t h i s  r a t e  o f  s u p p l y  
must  d i m i n i s h ,  s i n c e  a l l  t h o s e  who r e q u i r e  m o t o r  
c a r s  w i l l  have been s u p p l i e d " .
The f i r s t  e x p a n s i o n  o f  t h e  c a r  m a r k e t  was s i g n i f i c a n t l y  
h e l p e d  by d r i v e r s ’ t r a i n i n g  d u r i n g  t h e  Wor ld  Uar  I ,  g r a t u i t i e s  
g i v e n  a t  t h e  end o f  i t  and r e l a t i v e l y  l ow p r i c e s  c h a r g e d  by 
M o r r i s .  A f t e r  t h e  Second Wo r l d  U a r ,  o t h e r  f a c t o r s  such  as 
r i s i n g  c o n s u m e r s ’ i n c o m e , * *  c r e d i t  f a c i l i t i e s  and changes 
i n  consumer  t a s t e  i n d u c e d  by a d v e r t i s i n g  c ampa i gns  became 
more s i g n i f i c a n t ;  f u r t h e r m o r e  t h e  p a t t e r n  o f  d e v e l o p m e n t
*  C. R o b i n s o n :  ’ B u s i n e s s  F o r e c a s t i n g :  An Economi c
A p p r o a c h ’ , N e l s o n ,  Lond on ,  1971 ,  p . 53.
* *  I t s  a v e r a g e  r a t e  o f  g r o w t h  o v e r  t he  p e r i o d  1 9 5 5 - 1 9 7 3  
was a p p r o x i m a t e l y  2.5% p e r  annum.
o f  p a s s e n g e r  t r a n s p o r t  s e r v i c e s  was an a r ea  where p r i c e  
movements p r o b a b l y  e x e r t e d  a t  l e a s t  a r e i n f o r c i n g  e f f e c t .  
E s p e c i a l l y  d u r i n g  t h e  p e r i o d  1950 -1 969  r a i l  and bus f a r e s  
r o s e  v e r y  much f a s t e r  t h a n  p r i v a t e  m o t o r i n g  c o s t s ,  w i t h  t h e  
main  i n c r e a s e s  i n  b o t h  cases  t a k i n g  p l a c e  when t r a f f i c  
d e c l i n e s  were a t  t h e i r  p e a k . *
On t h e  s u p p l y  s i d e  t h e  main c o n t r i b u t i n g  f a c t o r  was 
t e c h n i c a l  p r o g r e s s ,  t h a t  i s  new t e c h n i q u e s  o f  p r o d u c t i o n  
w h i c h  have become more p r e d o m i n a n t  as a r e s u l t  o f  c o n t i n u o u s l y  
g r o w i n g  demand.  The p o s t  war  p e r i o d  has seen t h e  second s t a g e  
i n  m e c h a n i s a t i o n  w i t h  t h o  i n t r o d u c t i o n  o f  a u t o m a t i o n ,  t h e  
f i r s t  s t a g e  b e i n g  a g r a d u a l  i n t r o d u c t i o n  o f  m e c h an i s ed  
p r o d u c t i o n  t e c h n i q u e s  d u r i n g  t h e  i n t e r - w a r  p e r i o d .  The 
i n t r o d u c t i o n  o f  a u t o m a t i o n  b r o u g h t ,  as e x p e c t e d ,  a c o n s i d e r a b l e  
i n c r e a s e  i n  t h e  o u t p u t  o f  s t a n d a r d i s e d  i t e m s  and t h i s  i n  
t u r n  a r e d u c t i o n  o f  u n i t  c o s t s .  An i d e a  o f  t h e  t r a n s f o r m a t i o n  
o f  t h e  i n d u s t r y  due t o  a u t o m a t i o n  may be g i v e n  by t h e  f a c t  
t h a t  i n  1939 t h e  amount  o f  l a b o u r  r e q u i r e d  f o r  t h e  p r o d u c t i o n  
of. 1700 v e h i c l e s  by A u s t i n  was 997500 m a n - h o u r s .  I n  1 960 ,  
f o u r  y e a r s  b e f o r e  t h e  p e r i o d  o f  s l o w  g r o w t h  i n  o u t p u t  ( see
*  ’ The. U . K .  Economy:  A Manual  o f  A p p l i e d  E c o n o m i c s ’
T h i r d  E d i t i o n ,  E d i t o r  A .R .  P r e s t ,  U i d e n f e l d  and N i c o l s o n ,  
London ,  1970,  p . 159 and
3 . C .  T a n n e r :  ’ F o r e c a s t s  o f  V e h i c l e s  and T r a f f i c  i n
G r e a t  B r i t a i n :  1974 r e v i s i o n ’ , T r a n s p o r t  and Road
Research  L a b o r a t o r y ,  D e p a r t m e n t  o f  t h e  E n v i r o n m e n t ,
TRRL L a b o r a t o r y  R e p o r t  650,  p . 7 .
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page 1 4 )  w i t h  a p p r o x i m a t e l y  t h e  same amount  o f  l a b o u r  
(977500 m a n - h o u r s )  p r o d u c t i o n  was a l m o s t  f o u r  t i m e s  h i g h e r  
t h a n  t h e  1939 l e v e l  (.5750 v e h i c l e s ) .
The main  d e v e l o p m e n t s  i n  t h e  p r i v a t e  c a r  m a r k e t  be tween 
1 9 5 5 - 1 9 7 3 . were as f o l l o w s * :
P r o d u c t i o n  i n  1955 r e a c he d  a peak as a r e s u l t  o f  a 
r e c o v e r y  w h i c h  s t a r t e d  i n  1953 f o l l o w i n g  a b u d g e t  d e s i g n e d  
t o  s t i m u l a t e  home demand.  Measures  such as t h e  r e d u c t i o n  
i n  t h e  s t a n d a r d  i ncome t a x  r a t e  by 6d ( 2 . 5  new p e n c e ) ,  were 
t h o u g h t  n e c e s s a r y  i n  o r d e r  t o  c o u n t e r b a l a n c e  t h e  e f f e c t s  o f  
d e f l a t i o n a r y  measures  i n t r o d u c e d  a f t e r  t h e  Korean  c r i s i s  i n  
1 9 5 0 - 5 1 .  To t h e  l a t t e r  one s h o u l d  add t h e  u n f a v o u r a b l e  
i n f l u e n c e  o f  s t e e l  s h o r t a g e s  w h i c h  became a c u t e  i n  1951 and 
1952 ,  and t h e  r e s u l t s  o f  a t r a n s i t i o n  p e r i o d  d u r i n g  w h i c h  
f a c t o r i e s  were b e i n g  t r a n s f o r m e d  f r om  w a r - w o r k  t o  c a r  
p r o d u c t i o n ,  w h i c h  c o n s i d e r a b l y  a f f e c t e d  t h e  i n d u s t r y .  The 
s t i m u l a t i n g  measures  o f  1953 . c o n t r i b u t e d  t o w a r d s  1955 
e m e r g i n g  as a boom y e a r ,  c h a r a t e r i s e d  by r i s i n g  i n c o m e s , 
l o w  u nemp l oymen t  and a s t r e t c h  o f  t h e  economy’ s p r o d u c i n g  
c a p a c i t y  t o  i t s  u p p e r  l i m i t .  However ,  i n  1956 t h e  f i r s t  
s e t b a c k  appe ar ed  as a r e s u l t  o f  c r e d i t  s q u ee z e ,  i m p o r t  
r e s t r i c t i o n s  a b r oa d  ( e s p e c i a l l y  i n  A u s t r a l i a  and New Z e a l a n d ,  
t h e  i n d u s t r y ’ s . mos t  i m p o r t a n t  m a r k e t s )  and t h e  Suez c r i s i s .  
O i l  s u p p l i e s  were a f f e c t e d  and t h e  i n t r o d u c t i o n  o f  p e t r o l
*  A s t a t i s t i c a l  summary o f  t h e s e  d e v e l o p m e n t s  i s  
p r o v i d e d  i n  t a b l e  1 ^
r a t i o n i n g  and a s i g n i f i c a n t  p e t r o l  t a x  i n c r e a s e  o f  5 pence 
a g a l l o n  h i t  t h e  c a r  i n d u s t r y  s e r i o u s l y .  As t a b l e  1 shows 
t h e  r e g i s t r a t i o n s  o f  new c a r s  f e l l  by a l m o s t  20% ( f r o m  513 
t h o u s a n d s  i n  1955 t o  409 t h o u s a n d s  i n  1955)  w h i l e  e x p o r t s ,  
f e l l  by 14% ( f r o m  391 t h o u s a n d s  i n  1955 t o  335 t h o u s a n d s  i n  
1 9 5 6 ) .  I n  1.957 p r o d u c t i o n  s t a r t e d  r e c o v e r i n g  and t h e  
g o v e r n m e n t ’ s e x p a n s i o n a r y  measures  t h a t  f o l l o w e d  l e d  t o  a 
new peak i n  1960 ( t a b l e  l ) .  The most  s t i m u l a t i n g  f a c t o r s  
were t h e  i n i t i a l  r e l a x a t i o n  and l a t e r  r e mo va l  o f  h i r e  
p u r c h a s e  r e s t r i c t i o n s  i n  1 958*  and t h e  r e d u c t i o n  o f  t h e  
s t a n d a r d  i ncome t a x  r a t e  by 9d i n  1959.  The f i r s t  s i g n s  
o f  o v e r - h e a t i n g  o f  t h e  economy soon a ppe ar ed  and a s p e c i a l  
Budge t  was i n t r o d u c e d  i n  1961 i n t e n d e d  t o  C o u n t e r b a l a n c e  t h e  
i n f l a t i o n a r y  p r e s s u r e s  by d e c r e a s i n g  home demand and 
e n c o u r a g i n g  e x p o r t s .  Towards t h i s  p u r p o s e  t h e  maximum 
p e r m i s s i b l e  s u r c h a r g e  (10%) on c u s t o m s ,  e x c i s e  and p u r c h a s e  
t a x  was i m p os e d ,  and t h e  g o v er n me n t  l a u n c h e d  a campa i gn  
a i m i n g  a t  l ow e x p o r t  p r i c e s  t h r o u g h  wages r e s t r a i n t .  The 
consequences  o f  such a p o l i c y  c o n s t i t u t e  a good exampl e  o f  
t h e  l o n g - s t a n d i n g  p r o b l e m  o f  c o n f l i c t i n g  p o i n t s  o f  v i e w  
be tween t h e  g o v er n me n t  and t h e  m o t o r  i n d u s t r y .  The 
g o v e r n m e n t  wan t  h i g h e r  e x p o r t s ,  b u t  a t  the.  same t i m e  t h e y  
c a n n o t  r e f r a i n  f r om t r y i n g  t o  r e g u l a t e  t h e  economy by 
m a n i p u l a t i n g  home demand f o r  c a r s  t h r o u g h  v a r i o u s  r e s t r i c t i o n s  
o r  t a x  i n c r e a s e s ;  m a n u f a c t u r e r s  t a k e  t h e  v i e w  t h a t  ’ o n l y  
h i g h  and g u a r a n t e e d  home s a l e s  can keep c o s t s  l o w  enough
*  See t a b l e  i n  c h a p t e r  5,  where t h e  i n f l u e n c e  o f
h i r e  p u r c h a s e  r e s t r i c t i o n s  i s  d i s c u s s e d  i n  some more 
d e t a i l .
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t o  a l l o w  them t o  e x p o r t  and s t i l l  make p r o f i t s ’ . *  Car 
p r o d u c t i o n  was 1004 t h o u s a n d  c a r s  i n  1961 , a d e c r e a s e  o f  
25.8% compared t o  t h e  p r e v i o u s  y e a r ’ s p r o d u c t i o n ,  w h i l e  
e x p o r t s  f e l l  by a l m o s t  200 t ho u s a n d  c a r s  ( f r o m  570 t ho u s a n d  
i n  1960 t o  371 t ho u s a n d  c a r s  i n  1961 ;  t a b l e  1 ) .  I n  1962 
t h e r e  was an u p t u r n  and a s t r o n g  boom emerged i n  t h e  f o l l o w i n g  
two y e a r s  as a r e s u l t  o f  r e l a x a t i o n  o f  c o n t r o l s  and an 
u p s u r g e  i n  r e a l  p e r  c a p i t a  i n co m e.  O v e r a l l ,  t h e  p e r i o d  
1 95 5- 1 96 4  may be c h a r a c t e r i s e d  as a p e r i o d  o f  r a p i d  a v e r a g e  
p r o d u c t i o n  g r o w t h  w i t h  i t s . r a t e  b e i n g  8.5% p e r  annum.
From 1964 t o  1973 t h e r e  was l i t t l e  n e t  change i n  o u t p u t ;  
t h e  a v e r a g e  g r o w t h  was o n l y  a b o u t  0.2% p e r  annum. A p o s s i b l e  
e x p l a n a t i o n  i s  t h e  r e i n f o r c e m e n t  o f  r e s t r i c t i o n s  p a r t i c u l a r l y  
. a f t e r  t h e  d é v a l u a t i o n  o f  s t e r l i n g  i n  November 1 9 6 7 .  The 
f a l l  i n  p r o d u c t i o n  g r o w t h  between 1965 -1 968  was t h e  l o n g e s t  
and most  s e v e r e  s i n c e  t h e  w a r .  E x p o r t s  r o s e  a f t e r  t h e  1967 
d e v a l u a t i o n  f o r  two y e a r s ,  new r e g i s t r a t i o n s  r e m a i n e d  
unchanged i n  1968 (compared t o  1967)  b u t  f e l l  i n  1 969 .  An 
i n c r e a s e  i n  home demand i n  t h e  y e a r s  t h a t  f o l l o w e d  ( a f t e r  
1969)  c o i n c i d e d  w i t h  a boom i n  i m p o r t s  and an a l m o s t  c o n ­
t i n u o u s  f a l l  i n  e x p o r t s * *  ( t ab l e  l ) .
*  U . P l o w d e n :  ’ The M o t o r  Car and P o l i t i c s  i n  B r i t a i n ’ ,
Pe n gu i n  Books ,  1973,  p . 398.
* *  The s i t u a t i o n  i s  more d i s a p p o i n t i n g  i f  one c o n s i d e r s  t h e  
w o r l d  e x p o r t  m a r k e t  i n  t e r ms  o f  s h a r e s ’. Here t h e  UK’ s 
s h a r e  g r a d u a l l y  d e c l i n e d  f r om  a r oun d  55% i n  1950 t o  
a p p r o x i m a t e l y  13% i n  t h e  e a r l y  1 9 7 0 ’ s . See:  D.G.  Rhys
op» c i t .  p . 3 8 4 .
-  15 -
The " e x p o r t  a t  a l l  c o s t s "  p o l i c y  a d o p t e d  i n  t h e  f i r s t  
h a l f  o f  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n  seems t o  have had 
u n d e s i r a b l e  h a n g - o v e r  e f f e c t s  l a t e r .  P r o d u c t i o n  r u s h  f o r  
w o r l d  m a r k e t s  d u r i n g  1 9 5 5 - 6 4 ,  was g i v e n  p r i o r i t y  a t  t he  
expense o f  q u a l i t y  c o n s i d e r a t i o n s ,  e s t a b l i s h m e n t  o f  b e t t e r  
s e r v i c e  n e t w o r k  o v e r s e a s  and l a b o u r  r e l a t i o n s .  The f i r s t  
two f a c t o r s  harmed f o r  some t i m e  t h e  r e p u t a t i o n  o f  B r i t i s h
v e h i c l e s  w h i l e  t h e  l a t t e r  r e s u l t e d  i n  p r o d u c t i o n  s h o r t a g e s  
caused by s t r i k e s ,  w h i ch  i n  t u r n  a f f e c t e d  home and f o r e i g n  
s a l e s .
The p e r i o d s  o f  s t a g n a t i o n  i n  d o m e s t i c  demand on t h e  
o t h e r  hand,  r ed uc e d  t o t a l  o u t p u t  t o  l e v e l s  where  t o t a l  u n i t  
c o s t s  i n c r e a s e d  and r e t u r n  on c a p i t a l  b e f o r e  t a x  f o r  seven 
B r i t i s h  f i r m s  d e c r e a s e d  to  1 .8%,  compared t o  a 10%, r e t u r n  
o f  t h e  main  r i v a l s ,  t h a t  i s  German and I t a l i a n  m a n u f a c t u r e r s . *  
The h i g h e r  r a t e  o f  r e t u r n  on c a p i t a l  o f  European  c a r  f i r m s  
s t r e n g t h e n e d  t h e i r  c o m p e t i t i v e n e s s  and h e l p e d  t h e i r  e s t a b l i s h ­
ment  i n  new o v e r s e a s  m a r k e t s  t h r o u g h  a g g r e s s i v e  p r i c i n g  
p o l i c i e s .  I n  t h e  U .K .  m a r k e t ,  i n t e n s i t y  of .  s a l e - e f f o r t s  on 
t h e  p a r t  o f  f o r e i g n  f i r m s  o f t e n  t o o k  t h e  fo rm o f  s e l l i n g  a t  
p r i c e s  l o w e r  t h a n  v a r i a b l e  c o s t s .  T h i s  i n  c o n j u n c t i o n  w i t h  
r e d u c t i o n s  i n  t a r r i f  b a r r i e r s  r e s u l t e d  i n  a h i g h e r  vo lume o f  
i m p o r t s .
The g e n e r a l  c o n c l u s i o n  t h a t  may be drawn f r o m  t h e  
d e v e l o p m e n t s  o u t l i n e d  above i s  t h a t  p r i c e s  o f  c a r s  r e f l e c t i n g  
changes i n  t h e  i n p u t  m a r k e t s ,  g r o w t h  i n  d i s p o s a b l e  i ncome
* D.G.  Rhys ,  op c i t .  p .  39,9.
— 16 -
and some i n d e x  o f  g o v e r n m e n t  i n t e r v e n t i o n *  s h o u l d  be a 
s a t i s f a c t o r y  s e t  o f  e conomi c  v a r i a b l e s  f o r  t h e  e x p l a n a t i o n  
o f  v a r i a t i o n s  i n  t h e  demand f o r  c a r  o w n e r s h i p .  Ho we v er , 
l o n g  w a i t i n g  l i s t s  were o f t e n  a common phenomenon i n  t h e  
U . K . * * ,  and t h i s  i s  an i n d i c a t i o n  t h a t  c a r  demand has n o t  
a lw a y s  been s a t i s f i e d ,  a t  l e a s t  on t i m e .  T h i s  i m p l i e s  t h a t  
one s h o u l d  t a k e  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  o f  a gap between 
t h e  d e s i r e d  and a c t u a l  l e v e l s  o f  c a r  o w n e r s h i p .  T h i s  co n ­
s i d e r a t i o n  i s  t a k e n  up when t h e  model  o f  t h e  demand f o r  
p e t r o l  t a k e s  i t s  f i n a l  f o r m ( see  c h a p t e r  ,5) .
*  The d egr ee  t o  w h i c h  t h e  c a r  i n d u s t r y  may be a f f e c t e d  by 
s p e c i f i c  g ov e r n me n t  m e a su re s ,  such as h i r e  p u r c h a s e  
r e g u l a t i o n s  has been p o i n t e d  o u t  by s t u d e n t s  o f  t h e  
i n d u s t r y .  I t  has been s u g g e s t e d  t h a t  a r e d u c t i o n  i n  t h e  
minimum h i r e  p u r c h a s e  d e p o s i t  f r om  33 t o  20 p e r  c e n t  
wou l d  a f f e c t  n e t  a d d i t i o n s  t o  c a r  s t o c k  by as much as 
a 2% r e a l  GNP g r o w t h .  See:  A.G.  A r m s t r o n g :  ’ The M o t o r
I n d u s t r y  and t h e  B r i t i s h  Economy’ , U n i v e r s i t y  o f  C am b r i d g e ,  
D e p a r t m e n t  o f  A p p l i e d  E c o no mi c s ,  1967 ,  R e p r i n t  S e r i e s  
No. 275,  p . 22.
* *  R.P.  S m i t h :  ’ Consumer Demand f o r  Cars i n  t h e  U . S . A . ’ ,
Cambr idge U n i v e r s i t y  P r e s s ,  L ondon ,  1 975 ,  p . 14 .
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1 . 3  The P e t r o l  M a r k e t  i n  t h e  U n i t e d  Kingdom
1 . 3 . 1  G e n e r a l  Backg r ound
The U n i t e d  Kingdom p r o v i d e s  one o f  t he  l a r g e s t  s i n g l e  
n a t i o n a l  m a r k e t s  f o r  p e t r o l  i n  t h e  w o r l d * .  The t e rm  ^ p e t r o l '  
o r  ' m o t o r  s p i r i t ' * *  i s  a p p l i e d  t o  r e f i n e d  p e t r o l e u m  as used 
i n  n o r ma l  s p a r k  i g n i t i o n  e n g i n e s ,  m o s t l y  m o t o r  c a r  e n g i n e s .  
M o t o r  s p i r i t  i s  one o f  a number o f  p r o d u c t s ,  i n c l u d i n g  
k e r o s e n e ,  f u e l  f o r  d i e s e l - p o w e r e d  e n g i n e s ,  f u e l  o i l s ,  
l u b r i c a n t s  and n a p h t h a ,  m a n u f a c t u r e d  f ro m c r u d e  o i l .  The 
t y p e  o f  t h e  l a t t e r  c o n s t i t u t e s ,  i n  p r i n c i p l e ,  t h e  main 
f a c t o r  d e t e r m i n i n g  t h e  r e f i n e d  p r o d u c t s '  p r o p o r t i o n s  t h a t  
may be o b t a i n e d  o u t  o f  a b a r r e l  o f  c r u d e  o i l  ( t a b l e  2 ) .  
N e v e r t h e l e s s ,  s u b s e q u e n t  p r o c e s s i n g  p e r m i t s  b o t h  an i n c r e a s e  
i n  q u a l i t y  a n d / o r  t h e  s h a r e  o f  a s p e c i f i c  p r o d u c t * * * .  T h i s  
p r o c e s s  o f  d i s t i l l a t i o n  and " c r a c k i n g ”  a l l o w s  s u b s t i t u t a b i l i t y  
o f '  t h e  v a r i o u s  p r o d u c t s  f o r  each o t h e r ,  a t  a c o s t  w h i c h  
d e p e n d s ’ on t h e  e x i s t i n g  d i s t i l l a t i o n  t e c h n o l o g y .
*  See:  ' Th e  M o n o p o l i e s  Commi ss ion ,  P e t r o l :  A R e p o r t  on
t h e  S u p p l y  o f  P e t r o l  t o  R e t a i l e r s  i n  t h e  U . K . ' ,  L ond on ,  
HMSO 1965 .
* *  The t e r ms  ' m o t o r  s p i r i t '  and ' p e t r o l '  a r e  i n t e r c h a n g e a b l y  
used i n  t h i s  s t u d y .  I n  a s t r i c t  s e n s e ,  ' p e t r o l '  s h o u l d  
r e f e r  t o  o t h e r  e n g i n e  s p i r i t s  as w e l l  ( f o r  e x a m p l e ,  
a v i a t i o n  s p i r i t ) .
* * *  The s h a r e  o f  m o t o r  s p i r i t  i n  t o t a l  o u t p u t  i s  g i v e n  i n  
t a b l e  3.
TAOLF 2
T y p i c a l  U n i t e d  Kingdom R e f i n e r y ,  P r o d u c t i o n
Gases ( B u ta n e  and P ro p a n e )  
Naphtha
Gaso l enes  ( p e t r o l )  
Kerosene  ( p a r a f f i n )
Der v  and Gas O i l  
F u e l  O i l  
O t h e r  P r o d u c t s  
R e f i n e r y  f u e l  and l o s s e s
% o f  t o t a l  t h r o u g h p u t
1 . 5
5 .8
1 3 . 5
6 . 3
2 4 . 9  
3 6 . 0
4 . 6
7 . 3
S o u r c e :  ' P e t r o l  P r i c e s ' ,  D e p a r t m e n t  o f  P r i c e s  and Consumer
P r o t e c t i o n ,  London ,  HMSO 1976 ,  p . 2 .
B e f o r e  and d u r i n g  t h e  Second Wo r l d  War mos t  o f  t he  
p e t r o l  consumed i n  t h e  U n i t e d  Kingdom was r e f i n e d  ab roa d  
b u t  a number o f  new r e f i n e r i e s  have been s e t  up i n  t h i s  
c o u n t r y  s i n c e  t h e  w a r ,  w i t h  t h e  r e s u l t  t h a t  t h e  b u l k  o f  
i m p o r t s  o f  p e t r o l e u m  p r o d u c t s  now c o n s i s t s  o f  c r u d e  o i l * .
A t  t h e  end o f  1973 r e f i n e r y  c a p a c i t y  i n  t h e  U n i t e d  
Kingdom t o t a l l e d  a l m o s t  140 m i l l i o n  t o n s  a y e a r ,  compared 
t o  31 m i l l i o n  t o n s  i n  1955 ( t a b l e  3 ) .
S e v e r a l  f a c t o r s  c o n t r i b u t e d  to  such a s p e c t a c u l a r  
i n c r e a s e  o v e r  t h e  p e r i o d  1 9 5 5 - 1 9 7 3 .  A d e s i r e  t o  save 
f o r e i g n  c u r r e n c y  and t h e  h i g h  c o s t s  o f  i m p o r t e d  f i n i s h e d  
p r o d u c t s  r e l a t i v e  t o  c r u d e  o i l  c o s t s  c o n s t i t u t e  t h e  main  
economi c  r e a s o n .  T e c h n i c a l  d e v e l o p m e n t s  such as t h e  
i n t r o d u c t i o n  o f  s u p e r - t a n k e r s  b r o u g h t  a b o u t  c o n s i d e r a b l e  
economies  o f  s c a l e  i n  t r a n s p o r t a t i o n  and p e r m i t t e d  t h e  
e conomi c  e x p l o i t a t i o n  o f  a l a r g e r  ra nge  o f  b y - p r o d u c t s .
To t h e s ë  r e a s o n s  one s h o u l d  add a d e s i r e  o f  s e l f - s u f f i c i e n c y  
on t h e  p a r t  o f  t h e  i n d u s t r y  s i n c e  t h e  r i s k  o f  d e p e n d i n g  upon 
f o r e i g n  r e f i n e r y  c a p a c i t y  ap pe ar ed  g r e a t e r  t h a n  t h e  r i s k  o f  
d e p e n d i n g  upon f o r e i g n  c r u d e  o i l .  ,
The q u a n t i t a t i v e  g r o w t h  o f  new r e f i n e r i e s  was a cc ompa n i ed  
by c o n s i d e r a b l e  q u a l i t a t i v e  d e v e l o p m e n t s .  I n  t h e  e a r l y  days 
o f  t h e  o i l  i n d u s t r y  t h e  s i m p l e  p r o d u c t  f r a c t i o n s  were  d i r e c t l y  
used as s a l e a b l e  p r o d u c t s .  Nowadays,  h o we v e r ,  p r o d u c t s  
have t o  be s p e c i a l l y  t a i l o r e d  i n  o r d e r  t o  s a t i s f y  demand 
r e q u i r e m e n t s .  Hence,  a h i g h  d e g r ee  o f  f l e x i b i l i t y  i s  a 
n e c e s s a r y  f e a t u r e  o f  a modern r e f i n e r y ,  s i n c e  i t  p e r m i t s
M o n o p o l i e s  Commi ss i on ,  op .  c i t .
T A B l . r  3
U . K .  R e f i n e r y  c a p a c i t y  ,and a c t i v i t y ,  1955 -  1 973
Y ea r R e f i n e r y
caparr i  l.y 
i  ns l:n 11 od' 
( t  l io 1J s ;j  n rl 
t o n s )
( 1 )
T o t a l  o u t p u t  
o f  P e t r o l e u m  ' 
p r dd ue  ts 
( t  h 011 s a n r 1. 
t ons  )
( 2 )
M o t o r  s p i r i t  
p r o du c ed
( t h o u s a n d  
t o n s  )
( 3 )  ^
M o t o r  s p i r i t  
a s t' 0 f' 
to t a t  ou t()u t
( 4 )
1955 25,011 5 , 7 9 3 2 3 . 1 6
1 9 56 3 0,438 2 5 ,9 7 6 5 , 6 2 5  . 2 1 . 6 5
1957 3 4, 01 8 25,171 4 , 9 6 3 1 9 . 7 2
1958 4 2 , 3 0 0 29 ,771. 5 ,4 2 9 1 8 . 2 4
1959 43,351 35,321 6 , 1 5 5 17 .4 3
1960 4 9 , 2 2 0 4 0 , 2 0  6 6 , 6 3 2 1 6 . 4 6
1961 5 0 , 65 5 44 , 90 8 7 , 0 4 0 15 .68
1962 5 1 ,7 76 48,131 7 ,0 2 4 1 4 . 5 9
1963 5 7 ,1 6 6 4 8 , 81 0 6 , 8 0 3 1 3 . 9 4
1964 6 5 , 8 2 6 5 3 , 714 : 7 , 6 5 9 1 4 . 2 6
1965 7 2 , 2 3 3 59,946. 8 / 6 0 5 1 4 . 4 9  ,
1966 8 2 , 4 9 3  . . 6 5 , 26 3 .8 ,677  : 1 3 . 30
1967 8 4 , 8 7 8 6 6 ,8 93 8 , 8 2 3 1 3 . 1 9
I960 9 6 , 0 1 3 7 5 , 8 3 2 9 , 3 7 9 12 .3 7
1969 107,691 8 3 , 7 4 3 10 , 06 5 1 2 . 0 2
1970 112,581 9 3 ,2 0 0 11 ,167 11 .9 8
1971 119 , 623 9 6 , 6 9 3 12y324 1 2 . 7 5
1972 121 , 800 9 7 , 79 7 13 ,417 1 3 . 7 2
197 3 1 39 , 800 1 04 , 280 14 ,608 14.01
S o u r c e s :  Columns 1 - 3 : D i g e s t  o f  U . K .  Energy  S t a t i s t i c s  1967 
and 197/ i ,  t a b l e s  1 35,  1 36 and 2 9 , 3 ?  r e s p e c t i v e l y .  
Column 4 : C a l c u l a t e d .
*  Maximum o b t a i n a b l e  c a p a c i t y  i n  n o rm a l  o p e r a t i n g  c o n d i ­
t i o n s ,  a l l o w i n g  f o r  s c h e d u l e d  p e r i o d s  o f f - s t r e a m  f o r  
t e c h n i c a l  r e a s o n s .
t r a n s f o r m a t i o n  o f  h e a v i e r  f r a c t i o n s  i n t o  l i g h t e r  and more 
v a l u a b l e  o n e s . *
The U .K .  p e t r o l  m a r k e t  may be d i v i d e d  i n t o  two 
c a t e g o r i e s .  The r e t a i l e r s ,  who buy f o r  s u b s e q u e n t  r e s a l e  
t o  t h e  g e n e r a l  p u b l i c ,  and c o m m e r c i a l  co ns um er s ,  who buy 
f o r  t h e i r  own u s e .  I d e a l l y ,  an e m p i r i c a l  a n a l y s i s  s h o u l d  
d i s t i n g u i s h  between t h e  above two c a t e g o r i e s .  However ,  t h e  
q u a n t i t i e s  r e c o r d e d  i n  t h e  o f f i c i a l  s t a t i s t i c s  as demanded 
by c o m m e r c i a l  consumers  t e n d  t o  be u n d e r e s t i m a t e s  o f  " b u s i n e s s "  
u s e .  T h i s  i s  because some c o m m e r c i a l  consumers s a t i s f y  p a r t  
o r  a l l  o f  t h e i r  r e q u i r e m e n t s  t h r o u g h  r e t a i l  p e t r o l  s t a t i o n s .  
Thus a d i s t i n c t i o n  between c o m m e r c i a l  and n o n - c o m m e r c i a l  
demand on t h e  b a s i s  o f  t h o s e  f i g u r e s  wou l d  be m i s l e a d i n g .  
I n s t e a d ,  one can r e l y  on i n f o r m a t i o n  r e l a t i n g  t o  t o t a l  
a n n u a l  q u a n t i t i e s  o f  m o t o r  s p i r i t  demanded,  and g r a d u a l l y  
m o d i f y  t h e  a n a l y s i s  o f  p e t r o l  demand on t h e  b a s i s  o f  e s t i m a t e s  
p u b l i s h e d  and r e f e r r i n g  t o  demand by e n d - u s e . * *
1 . 3 . 2  P r o d u c t  c h a r a c t e r i s t i c s
One o f  t h e  most  i m p o r t a n t  c h a r a c t e r i s t i c s  o f  p e t r o l  as 
a m o t o r  f u e l  i s  i t s  u n i q u e n e s s .  O t h e r  p r o d u c t s  such  as 
k e r o s e n e ,  a l c o h o l ,  d i e s e l  o i l  and l i q u i f i e d  p e t r o l e u m  gas 
have been m e n t i o n e d  as p o s s i b l e  s u b s t i t u t e s  f o r  i n t e r n a l
*  See:  ' O u r  I n d u s t r y  P e t r o l e u m ' ,  The B r i t i s h  P e t r o l e u m
Co. L t d . ,  London 1970 ,  c h a p t e r  9,  p . 171.
* *  T h a t  i s  demand a t t r i b u t e d  to  d i f f e r e n t  c a t e g o r i e s  o f
m o t o r  v e h i c l e s ,  such as p r i v a t e  c a r s ,  c o m m e r c i a l  v e h i c l e s  
and so o n .
c o m b u s t i o n  e n g i n e s ,  b u t  f o r  t e c h n i c a l  as w e l l  as economi c  
r e a s o n s  t h e  use o f  t h e  f i r s t  two has been t o t a l l y  i n s i g n i f i c a n t .
I n  c o n t r a s t ,  t h e  g r e a t e r  h e a t  v a l u e  o f  a g a l l o n  o f  
d i e s e l  o i l  r e l a t i v e  to  t h a t  o f  a g a l l o n  o f  p e t r o l  and t he  
g r e a t e r  t h e r m a l  e f f i c i e n c y  o f  a d i e s e l  e n g i n e  compared to  
a p e t r o l  e n g i n e  p r o b a b l y  c o n s t i t u t e  t h e  main  r e a s o n  f o r  t h e  
e s t a b l i s h m e n t  o f  d i e s e l  o i l  as a s a t i s f a c t o r y  s u b s t i t u t e  
f u e l  i n s o m e  c a s e s * .  A c o m b i n a t i o n  o f  t h e s e  two a d v a n t a g e s  
means t h a t  even i f  t h e  p e r  g a l l o n  p r i c e  o f  d i e s e l  o i l  were 
e q u a l  t o  t h a t  o f  p e t r o l ,  t h e  c o s t  o f  f u e l  p e r  m i l e  t r a v e l l e d  
wou l d  be l o w e r  i n  t h e  case o f  d i e s e l - p o w e r e d  e n g i n e s .  
N e v e r t h e l e s s ,  t h e  r e l a t i v e l y  h i g h  i n i t i a l  c o s t  and w e i g h t  o f  
a d i e s e l  e n g i n e  have l i m i t e d  t h e  use o f  d i e s e l - p o w e r e d  
e n g i n e s  to  some c a t e g o r i e s  o f  m o t o r  v e h i c l e s ,  m a i n l y  buses 
and heavy c o m m e r c i a l  v e h i c l e s .
The above i m p l i e s  t h a t  f o r  t h e  most  p r e d o m i n a n t  
c a t e g o r y  o f  m o t o r  v e h i c l e s ,  t h a t  i s  p r i v a t e  c a r s ,  t h e r e  a r e  
no good s u b s t i t u t e s  f o r  p e t r o l .  T h i s  has l e d  some e c o n o m i s t s * *
*  A c c o r d i n g  t o  some f i g u r e s  g i v e n  by C. Broome,  t h e  h e a t  
v a l u e  o f  a g a l l o n  o f  d i e s e l  o i l  i s  4.5% g r e a t e r  t ha n  
t h a t  o f  a g a l l o n  o f  p e t r o l .  The e f f i c i e n c y  o f  a d i e s e l  
e n g i n e  i s  40% g r e a t e r  t ha n  t h e  e f f i c i e n c y  o f  a p e t r o l  
e n g i n e .  See:  C. Broome:  'An A n a l y s i s  o f  t h e  E l a s t i c i t i e s
o f  Demand f o r  G a s o l i n e  i n  A l a ba m a ' ,  u n p u b l i s h e d  Ph.D 
T h e s i s ,  U n i v e r s i t y  o f  A labama,  1 954 ,  p . 33.
* *  K. Townsend:  ' P r i c e  T he or y  and P e t r o l  P r i c e s ' ,  i n
' R e a d i n g s  i n  A p p l i e d  M i c r o e c o n o m i c s ' ,  E d i t o r s  L . Wagner 
and N. B a l t a z z i s ,  Open U n i v e r s i t y  Se t  Book,  1 9 7 3 ,  p . 204.
t o  c o n c l u d e  t h a t  t h e  p r i c e  e l a s t i c i t y  o f  t h e  demand f o r  
p e t r o l  i s  l i k e l y  t o  be v e r y  l o w .  Such a p o s s i b i l i t y  i s  
s t r e n g t h e n e d  by t h e  f a c t  t h a t  p e t r o l  i s  j o i n t l y  demanded 
w i t h  o t h e r  p r o d u c t s  n e c e s s a r y  f o r  t h e  s a t i s f a c t i o n  o f  t he  
demand f o r  p r i v a t e  t r a n s p o r t a t i o n  ( see  s e c t i o n  1 . 3 . 4 ) .
1 . 3 . 3  Q u a l i t y
I n  t h e  U . K . ,  p e t r o l  i s  s o l d  b r a n d e d ,  i n  t h r e e  main  
q u a l i t i e s  d e s c r i b e d  by d i f f e r e n t  s u p e r l a t i v e s  by d i f f e r e n t  
c o mp an i es ,  and a c c o r d i n g  t o  a B r i t i s h  s t a n d a r d s  c l a s s i f i ­
c a t i o n  w h i ch  a l l o w s  p e t r o l s  w i t h  d i f f e r e n t  p e r f o r m a n c e  , 
c h a r a c t e r i s t i c s  to  be s o l d  as f a l l i n g  w i t h i n  t h e  same c l a s s .
There  a r e  some r e a l  and f a n c i e d  d i f f e r e n c e s  be tween 
b ra nd s  and i t  c o u l d  be a r gue d  t h a t  t h e  v e r y  c omp lex  
c h e m i c a l  s t r u c t u r e  o f  p e t r o l  wou l d  be a b a r r i e r  f o r  t h e  
a v e r ag e  consumer  t o w a r d s  j u d g i n g  be tween a l t e r n a t i v e  b r a n d s .  
N e v e r t h e l e s s ,  c o m p e t i t i o n  i n  q u a l i t y  e n s u r e s  t h a t  p e t r o l s  
i n  each c l a s s  w i l l  be c l o s e  s u b s t i t u t e s  f o r  one a n o t h e r .
T h i s  c o n c l u s i o n  was r ea c he d  by t h e  Consumers '  A s s o c i a t i o n  
who " f o u n d  l i t t l e  d i f f e r e n c e  between d i f f e r e n t  b r a n d s  o f  
p e t r o l ,  a l l  b r a n d s  p e r f o r m e d  t h e i r  f u n c t i o n  w e l l " * .
Q u a l i t a t i v e  c o m p e t i t i o n  has l e d  t o  a c o n t i n u o u s  i m p r o v e ­
ment  o f  t h e  p r o d u c t ,  w i t h o u t  a c o r r e s p o n d i n g  i n c r e a s e  i n .  
p r i c e .  Between 1953 and 1959,  f o r  i n s t a n c e ,  s t a n d a r d  p e t r o l  
was r a i s e d  i n  o c t a n e  number f r om 75 t o  91,  w h i l e  t h e  n e t  
p r i c e  r e c e i v e d  by o i l  compan i es  f o r  t h i s  g r ade  f e l l  by 1 0%* * .
*. Consumers '  A s s o c i a t i o n :  " W h i c h ? " ,  Oanuary  1 954 ,  p .  11 .
* *  H. Townsend,  o p .  c i t . ,  p . 209.  '
But  d ue ,  m a i n l y ,  t o  t a x  i n c r e a s e s  as w e l l  as t o  r e t a i l  
m a r g i n s ,  consumers  d i d  n o t  b e n e f i t  f r o m such r e d u c t i o n s  as 
shown i n  t a b l e  4.
1 . 3 . 4  P e t r o l  c o s t s  r e l a t i v e  to o t h e r  m o t o r i n g  c o s t s
I n  g e n e r a l ,  j o i n t l y  demanded p r o d u c t s  whose s h a r e  i n
t o t a l  c o s t s  i s  r e l a t i v e l y  s m a l l  a re  c o n s i d e r e d  as p r i c e
i n e l a s t i c .  Hence t h e  p r o p o r t i o n  o f  p e t r o l  c o s t s  i n  o t h e r
o u t l a y s  on m o t o r i n g  i s ,  o b v i o u s l y ,  o f  some i n t e r e s t .
*
I n  " M o t o r  B u s i n e s s "  a s t u d y  was p u b l i s h e d  i n  w h i c h  
m o t o r i n g  c o s t s  i n  t h e  U . K .  a re  d i v i d e d  i n t o  two c a t e g o r i e s :  
r u n n i n g  c o s t s ,  t h a t  i s  c o s t s  a r i s i n g  when a c a r  i s  i n  u s e ,  
and s t a n d i n g  c o s t s  w h i ch  a r e  i n d e p e n d e n t  o f  u s e * * .  T h i s  
c l a s s i f i c a t i o n  i s  a n a l o g o u s  t o  t h e  d i s t i n c t i o n  be tween f i x e d  
c o s t s  and v a r i a b l e  c o s t s  o f  economi c  t h e o r y . T h i s  a n a l o g y  
p e r m i t s  t h e  c o n c l u s i o n  t h a t  as i n  t h e  case o f  a p r o d u c i n g  
f i r m  i t  i s  v a r i a b l e  c o s t s  t h a t ,  i n  t h e  s h o r t  r u n ,  d e t e r m i n e  
t h e  amount  o f  o u t p u t  t o  be p r o d u c e d ,  s i m i l a r l y  v a r i a b l e  
( r u n n i n g )  c o s t s  a re  t he  c o s t s  t h a t  may i n f l u e n c e  c o n s um e r s '  
s h o r t  r un  b e h a v i o u r  ( r a t e  o f  c a r  u t i l i s a t i o n ) .
*  M o t o r  B u s i n e s s ,  E c o n o m i s t  I n t e l l i g e n c e  U n i t ,  No.  39,
J u l y  1964 ,  p . p . 1 - 1 7 .
* *  S t a n d i n g  c o s t s  = L i c e n c e s ,  i n s u r a n c e ,  g a r a g i n g ,  HP
i n t e r e s t  and g e n e r a l l y  c o s t s  t h a t  a re  i n d e p e n d e n t  o f  u s e .  
A c c o r d i n g  t o  ' M o t o r  B u s i n e s s '  t h e s e  c o s t s  amounted  t o  
£465 m i l l i o n  i n  1962 b r i n g i n g  t h e  t o t a l  e x p e n d i t u r e  
on m o t o r i n g  t o  £ 1 ,5 2 5  m i l l i o n ,  and hence t h e  s h a r e  o f  
p e t r o l  t o  26.6% o f  t o t a l  c o s t s .
TABLE 4 :
U . K .  M o t o r  S p i r i t  P r i c e s  a t  t he  Pump ( i n n e r  Zone)  
S t a n d a r d  P e t r o l  -  Three  S t a r  From March 1967.
(pence  p e r  g a l l o n )
P r i c e  a t  1 s t. 
J a n u a r y
I n c l u d i n g  
..... t;^x .........
Tax E x c l u d i n g
t a x
Tax as p e r c e n -  
t  a g n o n —p r-Rc e—
1 955 2 0 . 2 1 2 .5 7 . 7 6 1 . 9
1956 2 0 . 4 1 2 . 5 7 . 9 6 1 . 3
19 57 27 .7 1 7 . 5 10. 2 6 3 . 2
,1958 21.1 1 2 /5 ' 8 . 6 5 9 . 2
1959 2 1 .2 1 2 . 5 8 . 7 5 9 . 0
I 960 2T.2 12 .5 8 . 7 5 9 . 0  '
1961 20 .8 1 2 . 5 8 . 3 ' 60 .1
1962 22.1 13.7 8 . 3 6 2 . 0
1963 21 .7 1 3 . 75 7 . 9 6 3 , 4
1964 21 .7 13 .7 5 7 . 9 6 3 . 4
1 965 • 24 .4 1 6 . 25 8.1 6 6 . 6
1966 24.4 16 .2 5 0 . 1 6 6 . 6
1967 . 2 6 . 0 17 . 87 5 8.1 68.8^ .
1968 2 6 . 9 1 7 .8 7 5 9 . 0 6 6 . 5
1969 3 0 . 6 2 2 . 5 8 .1 7 3 . 5
1970 3 1 . 5 2 2 . 5 9 . 0 7 1 . 4
1971 3 3 . 0 ;>2, 5 1 0 . 5 6 8 . 2
1972 3 3 . 5 ' 2 2 . 5 , 1 1 .0 6 7 . 2
1973 - 3 4 . 5 2 2 . 5 12 .0 6 5 . 2
S o u r c e :  The Wor ld  Energy  O u t l o o k  : A S u r v e y ,  C. R ob i n s o n  
and E l i z a b e t h  Cr oo k ,  September  197.3, t a b l e  27.
A c c o r d i n g  t o  t h e  above s o u r c e ,  t h e  e s t i m a t e d  t o t a l
e x p e n d i t u r e  on m o t o r i n g  i n  1962,  b r o k e n  down i n t o  i t s
component  p a r t s ,  shows t h a t  r u n n i n g  c o s t s  e x p e n d i t u r e  on 
each i t e m  i s  as f o l l o w s  ( i n  £ m i l l i o n s ) * .
P e t r o l  405
L u b r i c a n  t s  25
Ty r e s  48
M a i n t e n a n c e  and R e p a i r s  200
D e p r e c i a t i o n  382
T o t a l  1 , 0  60
S u pp os i n g  t h a t  t h e  p r o p o r t i o n s  r e ma i n  c o n s t a n t  o v e r  t i m e ,  
i t  f o l l o w s  t h a t  p e t r o l  e x p e n d i t u r e  a c c o u n t s  f o r  a t  l e a s t  
38 p e r  c e n t  o f  t h e  r u n n i n g  c o s t s  o f  a c a r  i f  d e p r e c i a t i o n  
i s  assumed t o  c o n s t i t u t e  p a r t  o f  t h e  r u n n i n g  c o s t s .  Bu t  
s i n c e  d e p r e c i a t i o n  depends p a r t l y  on use and p a r t l y  on t he  
passage  o f  t i m e ,  t h e  p e r c e n t a g e  s h a r e  o f  p e t r o l  e x p e n d i t u r e  
i n  r u n n i n g  c o s t s  w i l l  o b v i o u s l y  be h i g h e r ,  i t s  u p p e r  l i m i t  
b e i n g  60 p e r  c e n t  when d e p r e c i a t i o n  i s  s o l e l y  a t t r i b u t e d  t o  
t h e  age o f  a c a r .  I n  f a c t  t h i s  i s  an a s s u m p t i o n  made by 
V e r l e g e r  and Sheehan who t r e a t e d  d e p r e c i a t i o n  as f a l l i n g  
i n t o  t h e  f i x e d  ( s t a n d i n g )  c o s t s  c a t e g o r y  . " b ec a us e  i t  i s  more
*  S i m i l a r  e s t i m a t e s  were made by t h e  Road Rese ar ch  L a b o r a t o r y  
f o r  t h e  y e a r s  1949,  1950,  and 1960 .  E s t i m a t e s  o f  t h e  
t o t a l  e x p e n d i t u r e  on p r i v a t e  m o t o r i n g  a r e  g i v e n  i n  t h e  
a n n u a l  ' B l u e  Books '  on N a t i o n a l -  Income and E x p e n d i t u r e .
a f u n c t i o n  o f  t h e  c a r ' s  age t h a n  o f  i t s  u s e " * .
These c o n s i d e r a t i o n s  i n d i c a t e  t h a t  p e t r o l  a c c o u n t s  f o r  
a l a r g e  p r o p o r t i o n  o f  t h e  v a r i a b l e  c o s t s  o f  o p e r a t i n g  a c a r ,  
w h i ch  i s  an i m p o r t a n t  p o i n t  i n  d e c i d i n g  t h e  v a r i a b l e s  on 
w h i c h  the  r a t e  o f  u t i l i s a t i o n  o f  a c a r  i s  assumed to  depend 
(see c h a p t e r  5 ) .
1 . 3 . 5  S t o r a b i l i t y
A n o t h e r  i m p o r t a n t  f e a t u r e  o f  p e t r o l ,  f rom t h e  v a s t  
m a j o r i t y  o f  c o ns um e rs '  p o i n t  o f  v i e w ,  i s  t h a t  i t  c a n n o t  be 
s t o r e d  i n  c o n s i d e r a b l e  q u a n t i t i e s .  D e t e r i o r a t i o n  o f  t h e  
p r o d u c t ' s  q u a l i t y  and e v a p o r a t i o n  due t o  e x t e n d e d  s t o r a g e ,  
on t h e  one hand ,  and s p e c i a l  s t o r a g e  f a c i l i t i e s  r e q u i r e d  
because o f  t h e  h i g h  i n f l a m m a b i l i t y  o f  p e t r o l  on t h e  o t h e r ,  
makes s t o r a g e  u n e c o n o m i c a l .  The i m p l i c a t i o n  i s  t h a t  
f l u c t u a t i o n s  i n  t h e  q u a n t i t y  demanded o f  p e t r o l  due t o  p r i c e  
e x p e c t a t i o n s  a r e  s m a l l ,  p a r t i c u l a r l y  i n  t h e  s h o r t  r u n .  The 
a v e r a g e  consumer  r e a c t s  a c c o r d i n g  t o  t h e  p r i c e  p r e v a i l i n g
*  T h a t  was based on a c o n c l u s i o n  by t h e  F e d e r a l  H ighway
A d m i n i s t r a t i o n  t h a t  ' d e p r e c i a t i o n  i s  by f a r  t h e  g r e a t e s t  
s i n g l e  c o s t  o f  own in g  and o p e r a t i n g  an a u t o m o b i l e ,  and 
i n  t h e  g r e a t  m a j o r i t y  o f  c a s e s ,  t h e  age o f  t h e  c a r  i s  
more i m p o r t a n t  t han  i t s  m i l e a g e  i n  d e t e r m i n i n g  i t s  r e s a l e  
o r  t r a d e - i n  v a l u e ' .  See:  P . K .  V e r l e g e r , .  J r .  and
D. P.  Sheehan:  ' T h e  demand f O r  g a s o l i n e ' ,  i n  D.  J o r g e n s o n
( e d . ) :  ' E c o n o m e t r i c  S t u d i e s  o f  U . S .  En er gy  P o l i c y ' ,
N o r t h - H o l l a n d  P u b l .  C o . ,  1977 ,  p . p .  - 2 4 8 ,
a t  t h e  t i m e  o f  p u r c h a s e ,  b a r g a i n i n g  o r  s p e c u l a t i o n  a b o u t  
p r i c e  movements b e i n g  p r a c t i c a l l y  i m p o s s i b l e * .  I n  t h e  l o n g  
r u n ,  h ow ev e r ,  a r e a c t i o n  o f  t h e  consumers  to  p r i c e  i n c r e a s e s  
s e e m s . p o s s i b l e  i n  t h e  f o rm  o f  a movement  t o w a r d s  b u y i n g  c a r s  
w h i c h  a r e  more e c o n o m i c a l  i n  t e r ms  o f  p e t r o l  c o n s u m p t i o n .
1 . 3 . 6  O t h e r  c h a r a c t e r i s t i c s  o f  t h e  U . K .  p e t r o l  m a r k e t
The e x i s t e n c e  o f  a l a r g e  number o f  b u y e r s  and a s m a l l
number o f  p r o d u c i n g  f i r m s  i s  a l s o  a p o i n t  w o r t h  m e n t i o n i n g .  
From an economi c  p o i n t  o f  v i e w ,  l a c k  o f  c o n c e n t r a t i o n  on t h e  
demand s i d e  i m p l i e s  t h a t  i n f l u e n c e  o f  t h e  p r e v a i l i n g  p r i c e  
on t h e  co ns um er s '  p a r t  i s  i m p o s s i b l e .
On t h e  s u p p l y  s i d e ,  t h e  m a r k e t  i s  d o m i n a t e d  by a few 
m a j o r  c o m p an i e s ,  and i t  i s  c h a r a c t e r i s e d  by a s y s t em  o f  
e x c l u s i v e  d e a l i n g  i n  p e t r o l  r e t a i l i n g  known as t h e  ' s o l u s  
s y s t e m ' .  A c c o r d i n g  t o  t h i s  sys tem most  d i s t r i b u t i o n  o f  
p e t r o l  t a k e s  p l a c e  t h r o u g h  o u t l e t s  s e l l i n g  o n l y  one b r a n d .  
The q u e s t i o n  o f  w h e t h e r  absence o f  t h e  s o l u s  sy s t em wou l d  
l e a d  to  s e v e r e  c o m p e t i t i o n  among compan i es  i s  n o t  an easy 
one to  a ns we r .  Rap id  e x p a n s i o n  o f  c r u d e  o i l  p r o d u c t i o n  i n  
t h e  M i d d l e  E a s t ,  r e - e n t e r i n g  o f  R u s s i a n  o i l  i n t o  t h e  w o r l d  
m a r k e t s ,  t h e  d i s c o v e r y  by compan i es  o t h e r  t h a n  t h e  m a j o r s  
o f  new s o u r c e s  o f  s u p p l y  i n  L i b y a  and N i g e r i a  o f  h i g h  
q u a l i t y  c r u d e  o i l  c o n t a i n i n g  l a r g e r  p o t e n t i a l  p r o p o r t i o n s  
o f  ' w h i t e r '  p e t r o l e u m  p r o d u c t s  and a f a l l  i n  t a n k e r  f r e i g h t -  
r a t e s  r e s u l t e d  i n  p r i c e  r e d u c t i o n s  o v e r  t h e  1950s and 1 9 6 0 s .
*  There  i s  a s m a l l  amount  o f .  s p e c u l a t i o n  when p r i c e s  a r e  
e x p e c t e d  t o  r i s e .
On t h e  o t h e r  hand,  t h e  o l i g o p o l i s t i c  p o s i t i o n  o f  t h e  m a j o r  
compan i es  was s i g n i f i c a n t l y  a f f e c t e d  by d e v e l o p m e n t s  t h a t  
t o o k  p l a c e  i n  t h e  e a r l y  1 95 0s ,  An i n f l o w  o f  i n d e p e n d e n t  
f i r m s  o r  s u b s i d i a r i e s  o f  f o r e i g n  compan i es  i n t o  t h e  U . K .  
r e s u l t e d  i n  a s h i f t  o f  m a r k e t  s h a r e  f r om t h e  a l r e a d y  
o p e r a t i n g  m a j o r s  t o  t h e  new e n t r a n t s .  The l a t t e r  were 
f o r c e d  t o  buy o r  b u i l d  t h e i r  own s t a t i o n s  so as t o  s e c u r e  a 
s l i c e  i n  a m a r k e t  where t h e  e x i s t i n g  r e t a i l e r s  were u s u a l l y  
bound by l o n g  te r m s o l u s  c o n t r a c t s  t o  t he  e x i s t i n g  c o m p a n i e s .  
However ,  t h i s  c o u l d  o n l y  be a c h i e v e d  by t h e  a d o p t i o n  o f  l o w  
p r i c e s  and m a r g i n s  p o l i c y .  Towards t h i s  p u r p o s e ,  cheap l o t s  
o f  p e t r o l  were i n i t i a l l y  i m p o r t e d  f r om  t h e  C o n t i n e n t  and 
t h i s  p r o v i d e d  a means o f  b r e a k i n g  i n t o  t h e  m a r k e t .  The 
r e s u l t  was a d rop  o f  t h e  s h a r e  o f  t h e  f i v e  m a j o r  g r o u p s  
. ( S h e l l  f l ex ,  BP, Esso ,  Texac o,  M o b i l  and P e t r o f i n a ) ,  i n  
t e r ms  o f  r e t a i l  p e t r o l  s t a t i o n s  s u p p l i e d ,  f r om 94.4% i n  1964 
t o  a b o u t  79% i n  1973 as t a b l e  5 shows.  From t h e  p o i n t  o f  
v i e w  o f  m a r k e t  s h a r e  i n  t e r ms  o f  q u a n t i t i e s  o f  p e t r o l  s o l d ,  
t h e  l o s s e s  o f  t h e  m a j o r s  as a g r oup  were even more s i g n i f i ­
c a n t ;  as i t  i s  shown i n  t a b l e  6,  i n  t h e  p e r i o d  1 9 6 4 - 1 9 7 2  
t h e i r  s h a r e  d ro pp e d  by 15.3%,
The s t r u c t u r a l  changes t h a t  t o o k  p l a c e  i n  t h e  19.60s 
may be a t t r i b u t e d  t o  s e v e r a l  f a c t o r s .  To a c e r t a i n ,  a l t h o u g h  
n o t  m a j o r ,  e x t e n t  exogenous i n f l u e n c e s ,  such as mo n op o ly  
p o l i c y ,  a f f e c t e d  t h e  d e gr e e  o f  c o m p e t i t i o n  i n  t h e  m a r k e t .
The f i n a n c i a l  ag ree me nt s  be tween m a j o r  compan i es  and 
r e t a i l e r s ,  o f t e n  t a k i n g  t h e  f o rm  o f  l o n g  te rm l o w  i n t e r e s t  
l o a n s ,  and t h e  l e n g t h  o f  ' s o l u s *  c o n t r a c t s ,  o f t e n  i n  t h e
in
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TABLE 6
M a r k e t  s h a r e  e s t i m a  t es  1964 and 197?
Group A
S h e l l  M eX. / 3 P / N  a t i  o na1
Esso
M o b i l
Texaco ( R e g e n t )
T i n a
Group R 
J o t / G o n o  CO 
V . I . P .
T o t a l  
Burmah 
Chevron 
Amoco 
0 t b e r s
Group C
M a r k e t  s f m r e  ( ' )  
1964. 197?
45.  n
2 7 . 4
5 . 9  > 9 1 . 9  
1 1 .1
2. 5
n .1
3 8 . 2
20 . n
7 . 6
8 . 4
2 . 5
7 6 . 6
4 . 5
3 . 0
3 . 0
2 . 0  > 2 1 . 0  
1 .5
1 . 6
5 . 3
2 . 4 2 . 4
S o u r c e :  B . F .  Loue,  op .  c i t . ,  p .  2 0.6,
n e i g h b o u r h o o d  o f  20 y e a r s ,  were t a k e n  t o  c o n s t i t u t e  a 
b a r r i e r  f o r  new e n t r a n t s  r e s u l t i n g  i n  a r e d u c t i o n  o f  t h e  
d e g r e e  o f  p o t e n t i a l  c o m p e t i t i o n .  T h i s  a r g u m e n t ,  o p p o s i n g  
t h e  c o m p a n i e s '  v i e w p o i n t  t h a t  t h e  s o l u s  sys tem was a means 
t o  s e c u r e  more e f f i c i e n t  d i s t r i b u t i o n  and t h u s  a c h i e v e  
economi es  o f  s c a l e ,  r e s u l t e d  i n  a r e d u c t i o n  o f  t h e  maximum 
p e r i o d  o f  s o l u s  c o n t r a c t s  t o  f i v e  y e a r s ,  a f t e r  a r e p o r t  o f
t h e  M o n o p o l i e s  Commiss ion w h i c h  i n v e s t i g a t e d  t h e  p e t r o l  
m a r k e t  s u p p l y  c o n d i t i o n s  i n  1 9 6 4 * .
The boom i n  t h e  s u p p l y  o f  c r u d e  d u r i n g  t h e  1960s 
and an u n e x p e c t e d  i n c r e a s e  i n  t h e  demand f o r  ' b l a c k '  o i l  
p r o d u c t s  r e s u l t e d  i n  an e xcess  s u p p l y  o f  p e t r o l ,  t h u s  
c r e a t i n g  e n t r a n c e  o p p o r t u n i t i e s  t o  i n d e p e n d e n t  m a r k e t e r s  
who were a b l e  to  buy t h e  d e s i r e d  q u a n t i t i e s  a t  l o w  c o s t s  
because o f  t h e  c r u d e  s u r p l u s .
1 . 3 . 7  C o n c l u s i o n
I n  summary,  and a c c o r d i n g  t o  wha t  has been s a i d  
p r e v i o u s l y ,  i t  a p pe ar s  t h a t  t h e  p r i c e  o f  p e t r o l  i s  l i k e l y  
t o  be a c r u c i a l  f a c t o r  i n  d e t e r m i n i n g  p r o d u c t  demand a r i s i n g  
f ro m changes i n  t h e  d e s i r e d  r a t e  o f  c a r  u t i l i s a t i o n ,  g i v e n  
t h a t  i t  c o n s t i t u t e s  a c o n s i d e r a b l e  p r o p o r t i o n  o f  t h e  v a r i a b l e  
m o t o r i n g  c o s t s .  I t  m i g h t  a l s o  p r o v e  t o  a f f e c t  l o n g  r u n  
demand:  i f ,  f o r  e x a mp le ,  p e t r o l  p r i c e s  i n c r e a s e  consumers
may be i n d u c e d  t o  move t o w a r d s  s m a l l e r  and more e c o n o m i c a l  
c a r s  •
*  D e p a r t m e n t  o f  P r i c e s  and Consumer P r o t e c t i o n :  ' P e t r o l
P r i c e s ' ,  o p .  c i t . ,  p . 8 .
The s u p p l y  c o n d i t i o n s  t h a t  p r e v a i l e d  between 1955 and 
1973 w i t h  r e s p e c t  t o  t h e  b a s i c  raw m a t e r i a l  ( c r u d e  o i l )  and 
t h e  f l e x i b i l i t y  o f  modern r e f i n e r i e s  i n  r e s p o n d i n g  to  
d i f f e r e n t  m a r k e t  c o n d i t i o n s  may be t a k e n  to  i n d i c a t e  t h a t  
a g a i n s t  a r e l a t i v e l y  s t a b l e  s h o r t  r un  demand one may assume 
a h i g h l y  e l a s t i c  s u p p l y .  T h i s ,  a l o n g  w i t h  o t h e r  a r gum en ts  
advanced l a t e r ,  i s  i m p o r t a n t  i n  a ssuming  t h a t  d e r i v a t i o n  o f  
p r i c e  and income e l a s t i c i t i e s  on t h e  b a s i s  o f  a demand 
o r i e n t e d  a n a l y s i s  i s  p e r m i s s i b l e .
C h a p t e r  2
Economic  Backg rou nd
2 .1  Demand A n a l y s i s
I n  t h i s  c h a p t e r  a b r i e f  summary o f  some a s p e c t s  o f  
demand a n a l y s i s  i s  p r e s e n t e d .  T h i s  i s  n e c e s s i t a t e d  by t h e  
f o l l o w i n g  c o n s i d e r a t i o n s :
F i r s t ,  i t  i s  b e l i e v e d  t h a t  t r a d i t i o n a l  t h e o r y  s h o u l d  
be t h e  s t a r t i n g  p o i n t  o f  any e m p i r i c a l  i n v e s t i g a t i o n  o f  
demand.  I n  t h i s  way t h e  l i m i t a t i o n s  o f  s t a t i c  t h e o r y  become 
o b v i o u s  and t h e  i m p l i c a t i o n s  d e r i v e d  h e l p  t he  i n v e s t i g a t o r  
i n  o r i e n t i n g  h i s  work  t o w a r d s  more f r u i t f u l  a p p r o a c h e s  as 
f a r  as t h e  e x p l a n a t o r y  power  o f  t h e  p o s t u l a t e d  r e a c t i o n  
model  i s  c o n c e r n e d .  S e c o n d l y ,  t h e  p o s t u l a t e s  o f  c l a s s i c a l  
t h e o r y  seem t o  u n d e r 1y e x p l i c i t l y  o r  i m p l i c i t l y ,  most  
e m p i r i c a l  w o r k * .
N a t u r a l l y ,  t h e  p u r p o s e  o f  t h e  f o l l o w i n g  d i s c u s s i o n  i s  
n o t  t o  examine i n  d e t a i l  t h e  t h e o r y  o f  demand b u t  r a t h e r  t o  
a p p r a i s e  i t s  i m p l i c a t i o n s  and r e l e v a n c e  t o  a p p l i e d  work  f o r  
an e n e r g y  p r o d u c t .
The e f f e c t s  o f  p r i c e s  and i ncome on t h e  demand f o r  
d i f f e r e n t  p r o d u c t s  o r  s e r v i c e s  a re  t h e  c e n t r e s  o f  i n t e r e s t  
o f  t r a d i t i o n a l  economi c  t h e o r y .  A l a r g e  number o f  o t h e r
*  Fo r  an e x c e l l e n t  s u r v e y  on a p p l i e d  demand a n a l y s i s  s e e :
.
A. Brown and A. D e a t o n :  ' M o d e l s  o f  Consumer B e h a v i o u r  >
i n  ' S u r v e y s  o f  A p p l i e d  E c o n o m i c s ' ,  Ed.  by The Ro ya l  
Economic  S o c i e t y ,  M a c m i l l a n ,  1973,  p . p . 1 7 7 - 2 6 8 .
f a c t o r s  w h i c h  a r e  l i k e l y  t o  i n f l u e n c e  t h e  demand f o r  a 
commod i ty  i s  i g n o r e d ,  u n d e r  t h e  a s s u m p t i o n  o f  g i v e n  p r e f ­
e r e n c e s .  T r a d i t i o n a l  t h e o r y  t r i e s  t o  s i m p l i f y  t h e  c o m p l e x i ­
t i e s  o f  t he  r e a l  w o r l d  by c o n s i d e r i n g  a consumi ng  u n i t ,  
w h i c h  c o n f r o n t e d  by a f i n i t e  s e t  o f  p r i c e s ,  t r i e s  t o  m a x i ­
m i se  i t s  s a t i s f a c t i o n  s e l e c t i n g  an o p t i m a l  c o m b i n a t i o n  o f  
p r o d u c t s  t h a t  i t s  l i m i t e d  i ncome p e r m i t s .  The co ns ume r .
i n d i v i d u a l  o r  h o u s e h o l d ,  i s  assumed t o  be mak ing  h i s  c h o i c e s  
w i t h i n  an e x t r e m e l y  r e s t r i c t e d  f r a m e wo r k  where no s t o c k s  o f  
goods a r e  p o s s e s s e d ,  and p r i c e  e x p e c t a t i o n s  o r  a d j u s t m e n t s  
a re  n e g l e c t e d .
The p r o c e s s  o f  u t i l i t y  m a x i m i s a t i o n  l e a d s  t o  a sys tem 
o f  n e q u a t i o n s  (one f o r  each c o mm od i t y )  o f  t h e  f o r m :
where i  = 1 , 2 , . . . , n
j  = 1 , 2 , . . . , N  = No o f  consumers 
each one o f  w h i c h  e x p r e s s e s  t h e  q u a n t i t y  demanded o f  t h e  
r e l e v a n t  p r o d u c t  o r  s e r v i c e  ( q . )  as a f u n c t i o n  o f  a l l  money 
p r i c e s  ( p ^ )  and money i ncome ( Y ) .  Consumer p r e f e r e n c e s  
d e t e r m i n e  t h e  shape o f  t h e  demand f u n c t i o n s ,  w h i c h  g e n e r a l l y  
a r e  assumed t o  have n e g a t i v e  s l o p e s * ,  i n d i c a t i n g  an i n v e r s e  
r e l a t i o n s h i p  between t h e  q u a n t i t y  demanded o f  a p r o d u c t  and 
i t s  p r i c e ,  c e t e r i s  p a r i b u s .
There  a r e  cases where t he  o p p o s i t e  r e l a t i o n s h i p  may 
h o l d  ( d e m o n s t r a t i v e  c o n s u m p t i o n  and G i f f e n  g ood s )  
b u t  t h e s e  c o n s t i t u t e  e x c e p t i o n s  r a t h e r  t h a n  t h e  r u l e .
2 . 2  From t h e o r y  to  a p p l i e d  demand a n a l y s i s
The p r o b l e m s  a s s o c i a t e d  w i t h  t h e  i s o l a t i o n  and s t u d y  o f  
an e q u a t i o n  r e f e r r i n g  t o  a s p e c i f i c  commodi ty  a r e  enor mous .  
The a p p l i e d  e c o n o m i s t V s  t a s k  i s  t o  g i v e  some e m p i r i c a l  s u b ­
s t a n c e  t o  t h e  p o s t u l a t e s  o f  demand t h e o r y ,  i n  t e rm s  o f  
e s t i m a t e d  p r i c e  and i ncome e l a s t i c i t i e s ,  w i t h i n  t h e  c o n t e x t  
o f  n c o m m o d i t i e s  and N consumi ng  u n i t s .  I n  a c t u a l  t e r m s  n 
r e f e r s  t o  a v a s t  number o f  d i f f e r e n t  p r o d u c t s  and b r a n d s ,  
and N g e n e r a l l y  t o  m i l l i o n s  o f  i n d i v i d u a l s  o r  h o u s e h o l d s .  
O b v i o u s l y  an a t t e m p t  t o  i n s e r t  a l l  n p r i c e s  i n t o  a demand 
e q u a t i o n  wou ld  be an i m p o s s i b l e  t a s k .  Hence a number  o f  
r e s t r i c t i o n s  on t h e  demand f u n c t i o n  a r e  c a l l e d  f o r . .  O t h e r ­
w i s e ,  t h e  number o f  p a r a m e t e r s  to  be e s t i m a t e d  w ou ld  be f a r  
t o o  g r e a t  f o r  t h e  number o f  n o r m a l l y  a v a i l a b l e  o b s e r v a t i o n s ,  
t h u s  mak ing  e m p i r i c a l  t e s t i n g  i m p o s s i b l e .  .
U n f o r t u n a t e l y ,  r e s t r i c t i o n s  such as t he  n e g a t i v i t y  o f  
t h e  o w n - p r i c e  s u b s t i t u t i o n  e f f e c t  o r  t h a t  t he  demand f u n c t i o n  
i s  homogeneous o f  d eg r ee  ze r o  ( a bsen ce  o f  money i l l u s i o n )  
have l i t t l e  p r a c t i c a l  v a l u e .  On t h e  one hand,  t h e  n e t  e f f e c t  
o f  an o w n - p r i c e  change m i g h t  be d i f f e r e n t  f r om t h a t  e x p e c t e d  
( " i n f e r i o r "  goods c a s e ) .  On t h e  o t h e r ,  n o n - c o n s i d e r a t i o n  o f  
a l l  p r i c e s  and income i n  s i n g l e  commod i ty  s t u d i e s  l i m i t s  t h e  
p r a c t i c a l  u s e f u l n e s s  o f  t h e  absence o f  money i l l u s i o n  
r e s t r i c t i o n .
The second p r o b l e m  r e l a t e s  t o  t h e  fo rm i n  w h i c h  t h e  
d e s i r e d  i n f o r m a t i o n  i s  a v a i l a b l e .  N o r m a l l y ,  q u a n t i t i e s  
consumed o f  i n d i v i d u a l  c o m m o d i t i e s  e x i s t  i n  t he  f o r m  o f  
m a r k e t  a g g r e g a t e s ,  w h i l e  t he  t h e o r y  i s  e x p r e s s e d  i n  t e r ms
o f  a s i n g l e  i n d i v i d u a l  o r  h o u s e h o l d .  The passage  f r om 
m i c r o - t h e o r y  t o  t h e  i n v e s t i g a t i o n  o f  m a r k e t  r e l a t i o n s h i p s  
r a i s e s  t h e  p r o b l e m  o f  a g g r e g a t i o n ,  w h i c h  i n  p r a c t i c a l  
a p p l i c a t i o n s  seems t o  have been n e g l e c t e d  a l t o g e t h e r .  Of  
c o u r s e ,  i t  i s  easy  t o  s e t  o u t  c o n d i t i o n s  t h a t  p e r m i t  
i n v e s t i g a t i o n  o f  a g g r e g a t e  r e l a t i o n s  b u t  i t  i s  j u s t  as easy 
t o  t h i n k  o f  c o n d i t i o n s  u n d e r  w h i c h  a g g r e g a t i o n  r a i s e s  
c o n s i d e r a b l e  p r o b l e m s .  I t  seems t he n  t h a t  " s i n c e  we have 
no i n d e p e n d e n t  e v i d e n c e  a b o u t  t h e  i s s u e s  i n v o l v e d  t h e r e  i s  
n o t  much p o i n t  i n  r e p e a t e d  and p r o l o n g e d  s p e c u l a t i o n  a b o u t  
t h e s e  m a t t e r s " * .
E m p i r i c a l  r e s e a r c h  on demand, r e f l e c t i n g  p r o b a b l y  t h a t  
t h e  c o n t r i b u t i o n  o f  u t i l i t y  t h e o r y  t o w a r d s  the  s p e c i f i c a t i o n  
o f  s i n g l e  commod i ty  mode l s  i s  n o t  c o n s i d e r a b l e ,  has been 
c a r r i e d  o u t  i n  t e r ms  o f  changes i n  i ncome and a s m a l l  number 
o f  p r i c e s  o f  a p p a r e n t l y  r e l a t e d  p r o d u c t s .  Some r e s e a r c h e r s  
have even i g n o r e d  t h e  d i r e c t  i n f l u e n c e  o f  t he  p r i c e s  o f  
s u b s t i t u t e s  o r  complements  and p r e f e r r e d  to  c o n d u c t  t h e i r  
i n v e s t i g a t i o n s  i n  t e r ms  o f  changes i n  i ncome and t h e  p r o d u c t ' s  
own p r i c e  o n l y .  T h i s  means t h a t  t h e  e f f e c t  o f  a l l  o t h e r  
p r i c e s  i s  summar i sed  i n  t h e  f o r m o f  a g e n e r a l  p r i c e  i n d e x  
w h i c h ,  i n  t u r n ,  i s  used e i t h e r  as a s e p a r a t e  v a r i a b l e * *  o r
*  J . S .  Cr amer :  ' E m p i r i c a l  E c o n o m e t r i c s ' ,  N o r t h - H o l l a n d
P u b l .  C o . ,  1969,  p . 175.  ,
* *  Fo r  t h e  use o f  a g e n e r a l  p r i c e  i n d e x  as a s e p a r a t e
v a r i a b l e  see : A . P .  K o u t s o y i a n n i s : 'Demand F u n c t i o n s  f o r
Tobacco '  i n  ' R e a d i n g s  i n  A p p l i e d  M i c r o e c o n o m i c s ' ,  ed .  by 
L . Wagner and N. Be.] t a z z i s .  Open U n i v e r s i t y  S e t  Book,  
London 1973 ,  p . p .  2 4 0 - 2 5 9 .
as a d e f l a t o r  i n  o r d e r  t o  e x p r e s s  i ncome and t h e  p r o d u c t ' s  
own p r i c e  i n  r e a l  t e r m s * .
As f o r  t h e  a p p r o p r i a t e  m a t h e m a t i c a l  f o r m o f  t h e  f u n c t i o n ,  
i t  i s  s e l e c t e d  on a " r e l a t i v e l y  b e t t e r  f i t "  b a s i s ,  s i n c e  a t  
t h i s  p o i n t  t h e  t h e o r y  i s  q u i t e  h e l p l e s s .  W h i l e
" A t  b e s t ,  economi c  t h e o r y  can s p e c i f y  
wha t  c o n c e p t u a l  v a r i a b l e s  ap pe ar  i n  an- ■ -  ------------------------  I   . . ' '  ■.......... .....................  ................  ......
• e q u a t i o n ,  and somet i mes  c e r t a i n  h o m o g e n e i t y
p r o p e r t i e s  o f  t h e  e q u a t i o n ,  and p e r h a ps  
s o m e t h i n g  a b o u t  t h e  a l g e b r a i c  s i g n s  and 
s i z e s  o f  c e r t a i n  p a r t i a l  d e r i v a t i v e s  . . .  
we o f t e n  do n o t  l e a r n  w h e t h e r  t h e  f u n c t i o n  
i s  l i n e a r  i n  r e a l  i ncome and r e l a t i v e  
p r i c e s ,  o r  l i n e a r  i n  t h e i r  l o g a r i t h m s ,  o r  
q u a d r a t i c  o r  e x p o n e n t i a l ,  o r  o f  some o t h e r  
f o r m " * * .
2 . 3  A p p l i e d  Demand A n a l y s i s :  Recen t  D e ve l o pm e n t s
D e s p i t e  t h e  l i m i t e d  u s e f u l n e s s  o f  u t i l i t y  t h e o r y  i n  
p r a c t i c a l  s i t u a t i o n s ,  a t t e m p t s  have been made t o w a r d s  t h e  
e s t i m a t i o n  o f  c o m p l e t e , e q u a t i o n  sy s tems  o f  demand,  t h r o u g h  
t h e  u t i l i z a t i o n  o f  t h e o r e t i c a l  i m p l i c a t i o n s .
The mode l s  so c o n s t r u c t e d  assume,  as t h e  t h e o r y  r e q u i r e s .
*  For  t h e  a p p r o p r i a t e n e s s  o f  u s i ng ,  i t  as a d e f l a t o r  see 
A. Brown and A. D e a t o n ,  o p .  c i t .  p .  184
* *  C . F .  C h r i s t :  ' E c o n o m e t r i c  Mode l s  and M e t h o d s ' ,
J .  W i l e y  and Sons,  I n c . ,  London 1966,  p . p .  7 - 8 .
t h a t  t h e  demand f o r  each commod i ty  depends on a l l  p r i c e s  
and income ( o r  t o t a l  e x p e n d i t u r e ) .  A number o f  t h e o r e t i c a l  
r e s t r i c t i o n s  i s  s u b s e q u e n t l y  i mposed t h a t  a r e  s t i l l  u n a b l e  to  
s o l v e  t h e  p r o b l e m  o f  t h e  number o f  o b s e r v a t i o n s ,  b e i n g  l e s s  
than  t h e  number o f  p a r a m e t e r s  to be e s t i m a t e d * .
■* Fo r  example  :
( i )  t h e  o b v i o u s  r e s t r i c t i o n  
^  P. Q. = TE ( o r  Y)
(where  P,  Q, TE ( o r  Y) r e p r e s e n t  p r i c e ,  q u a n t i t y  and t o t a l  
e x p e n d i t u r e  ( o r  i nc o me )  r e s p e c t i v e l y )  w h i c h  r e q u i r e s  t h a t  
t h e  sum o f  e x p e n d i t u r e s  on each commod i ty  be e q u a l  t o  
t o t a l  e x p e n d i t u r e  o r  i nc ome .
(ii) ^P. (c)Q,/c)Y) = 1, which is the outcome of theLzi 1 1
d i f f e r e n t i a t i o n  o f  t h e  p r e v i o u s  r e s t r i c t i o n  w i t h  r e s p e c t  
t o  i n co m e,  c o n s t r a i n i n g  t h e  i ncome s l o p e s .
( i i i )  The z e r o  h o m o g e n e i t y  r e s t r i c t i o n
Y(DC|./3Y) + Z ?  { 2 Q. / d P  . )  = 0 
1 J 1 J
s t a t i n g  t h a t  i f  i ncome and a l l  p r i c e s  change by e q u a l  
p r o p o r t i o n s ,  demand i s  u n a f f e c t e d ,  o r  a l t e r n a t i v e l y  
t h a t  t h e  sum o f  a l l  p r i c e  e l a s t i c i t i e s  and income 
e l a s t i c i t y  i s  e q u a l  t o  z e r o .
( i v )  A f u r t h e r  n ( n - 1 ) r e s t r i c t i o n s  a re  p r o v i d e d  by t h e
2 .
S l u t s k y  symmet ry  c o n d i t i o n s ,  s t a t i n g  t h a t
S . .  = S . .i j  J i
where S. . s t a n d s  f o r  t h e  s u b s t i t u t i o n  e f f e c t  f o r  t h e  i  
^ J
t hcommod i ty  w i t h  r e s p e c t  t o  t h e  j  c o m m o d i t y ' s  p r i c e .
A s o l u t i o n  i s  a c h i e v e d  f r o m  an a d d i t i o n a l  s e t  o f  r a t h e r  
s e v e r e  a . p r i o r i  r e s t r i c t i o n s  r e l a t i n g  t o  t h e  n a t u r e  o f  t he  
u t i l i t y  f u n c t i o n * .  These ,  have t h e i r  o r i g i n s  i n  t h e  n e o -
*  Known as a s s u m p t i o n s  o f :
1.  D i r e c t  a d d i t i v i t y  ( see  R. F r i s c h :  'A c o m p l e t e
 scheme f o r  c o m p u t i n g  a l l  d i r e c t  and c r o s s  demand
e l a s t i c i t i e s  i n  a model  w i t h  many s e c t o r s ' , 
E c o n o m e t r i c s ,  27,  1 9 5 9 ) .
2.  I n d i r e c t  a d d i t i v i t y  ( see  H .A .  H o u t h a k k e r :  ' A d d i t i v e
p r e f e r e n c e s ' ,  E c o n o m e t r i c a ,  28,  , 1 9 6 0 ) .
3 .  A l m o s t  a d d i t i v i t y  ( see A . P .  G a r t e n :  ' Consumer
demand f u n c t i o n s  u n d e r  c o n d i t i o n s  o f  a l m o s t  a d d i t i v e  
p r e f e r e n c e s ' .  E c o no mi c s ,  32,  1 9 6 4 ) .
4.  N e u t r a l  Want A s s o c a t i o n  (see  I . E .  P e a r c e ;  'A  c o n t r i ­
b u t i o n  t o  demand a n a l y s i s ' ,  O x f o r d ,  C l a r e n d o n ,  1 9 6 4 ) .
Of t h e  a bov e,  t h e  f i r s t  a s s u m p t i o n  has been w i d e l y  Used 
compared to  t h e  o t h e r  t h r e e ,  a l t h o u g h  i t  i m p l i e s  t h a t  t h e  
m a r g i n a l  u t i l i t y  o f  any commod i ty  i n c l u d e d  i n  t h e  s y s t em  . 
i s  n o t  a f f e c t e d  by t h e  q u a n t i t y  consumed o f  any o f  t h e  
r e m a i n i n g  p r o d u c t s ,  t h a t  i s  t h e  m a r g i n a l  u t i l i t y  o f  
commod i ty  i  i s  a f u n c t i o n  o f  q^ o n l y .  C l e a r l y  such  an 
a s s u m p t i o n  i s  r e a s o n a b l e  ( b u t  s t i l l  n o t  v e r y  r e a l i s t i c )  
o n l y  when d i f f e r e n t  p r o d u c t s  a r e  g r ouped  i n t o  a number  
o f  ' i n d e p e n d e n t '  c a t e g o r i e s .  Bu t  t he n  such a g r o u p i n g  
has t o  be d e c i d e d  on t h e  b a s i s  o f  a g e n e r a l l y  a c c e p t e d  
f r a m e w o r k .  O t h e r w i s e  d o u b t s  m i g h t  a r i s e  as t o  w h e t h e r  
c a t e g o r i e s  such as ' t r a n s p o r t '  and ' e n t e r t a i n m e n t '  may 
be t r e a t e d  as p r o d u c t s  whose u t i l i t i e s  a r e  t o t a l l y  
i n d e p e n d e n t .
c l a s s i c a l  demand t h e o r y  wh ic h  may n o t  p r o v i d e  a r e a l i s t i c  
d e s c r i p t i o n  o f  a c t u a l  m a r k e t  demand b e h a v i o u r ,  p a r t i c u l a r l y  
w i t h  r e s p e c t  t o  d u r a b l e  goods o r  p r o d u c t s  t h a t  a r e  t e c h n o ­
l o g i c a l l y  l i n k e d  w i t h  d u r a b l e s  such as m o t o r  s p i r i t .
However ,  a l t h o u g h  t h e  e s t i m a t i o n  o f  c o m p l e t e  demand 
sys te ms  i s  mos t  a p p e a l i n g ,  t h e i r  use i s  l i m i t e d  because  o f  
t h e  f o l l o w i n g  d i f f i c u l t i e s  and u n d e r l y i n g  a s s u m p t i o n s :
1 . T h e  i n v e s t i g a t o r  does n o t  have t h e  f r eedom t o  choose
f o r  each p a r t i c u l a r  e q u a t i o n  t h e  m a t h e m a t i c a l  f o r m t h a t  
b e s t  f i t s  t h e  d a t a .  Fo r  p r a c t i c a l  r e a s o n s  t h e  f o rm  o f  
a l l  e q u a t i o n s  s h o u l d  be t h e  same, and n o r m a l l y  a l i n e a r  
a p p r o x i m a t i o n  i s  e m p l o ye d ,  as s a t i s f y i n g  t h e  c o n d i t i o n  
w h i c h  r e q u i r e s  t h a t  t he  sum o f  i n d i v i d u a l  e x p e n d i t u r e s  
be e q u a l  t o  t o t a l  e x p e n d i t u r e  o r  i nc o m e .  However ,  t h e  
p e r f o r m a n c e  o f  t h e  l i n e a r  f o r m ,  as mos t  s i n g l e  c ommod i t y  
s t u d i e s  have shown,  has been f a i r l y  p o o r .  T h e r e f o r e ,  
t h e  e x p l a n a t o r y  as w e l l  as p r e d i c t i v e  power  o f  t h e  
mode l s  on w h i ch  t h i s  f o r m i s  i mposed  i s  l i k e l y  t o  be 
p o o r .
2.  A l t h o u g h  t h e  c o m p l e t e  demand sys te ms  a p p r o ac h  has t h e  
a d v a n t a g e  t h a t  t h e  wh o l e  s e t  o f  c r o s s  e l a s t i c i t i e s  o f  
demand may be t a k e n  i n t o  a c c o u n t ,  i t  e n t a i l s  t h e  
s a c r i f i c e  o f  c o n s i d e r a b l e  i n f o r m a t i o n  r e l a t i n g  t o  
s p e c i f i c  m a r k e t s  and c o m m o d i t i e s .  -
3.  Any q u e s t i o n  r e l a t i n g  t o  t h e  s i m u l t a n e o u s  e q u a t i o n  
p r o b l e m  i s  c o m p l e t e l y  i g n o r e d .  More s p e c i f i c a l l y ,  
s i n c e  a l l  c o m m o d i t i e s  ( g r o u p e d  i n  b ro ad  c a t e g o r i e s )
a re  i n c l u d e d ,  i t  seems r e a s o n a b l e  t h a t  t h e r e  i s  a f e e d ­
back f ro m e x p e n d i t u r e  t o  i n co m e.  However ,  w h i l e  f o r
i n d i v i d u a l  demand e q u a t i o n s  t h i s  f e e d b a c k  m i g h t  be 
n e g l i g i b l e ,  i n  t h e  case o f  c o m p l e t e  s ys tems  t h i s ,  o b v i o u s l y ,  
does n o t  seem t o  be j u s t i f i e d .
2 . 4  P r a g m a t i c  o r i e n t a t i o n  o f  e m p i r i c a l  demand s t u d i e s
The p r e v i o u s  b r i e f  e x p o s i t i o n  seems to  i n d i c a t e  t h a t  
g i v e n  t h e  l i m i t a t i o n s  m e n t i o n e d ,  i t  i s  up t o  t h e  s t u d e n t  o f  
a p a r t i c u l a r  m a r k e t  o r  commod i ty  t o  use s i n g l e  o r  s ys tem 
m o d e l s .  I t  i s  i m p o r t a n t ,  h o we v e r ,  t h a t  t h i s  c h o i c e  be made 
on t h e  b a s i s  o f  t h e  p u r p o s e  o f  t h e  r e s e a r c h  as w e l l  as 
p r a c t i c a l  c o n s i d e r a t i o n s .  I t  i s  m a i n l y  t h e  l a t t e r  w h i c h  l e d  . 
t o  t he  " p r a g m a t i c "  a pp r oa ch  t o  t h e  t h e o r y  o f  demand t h a t  
c h a r a c t e r i s e s  most  e m p i r i c a l  i n v e s t i g a t i o n s .  The f o l l o w e r s  
o f  i t
" a c c e p t e d  t h e  f u n d a m e n t a l  ’ l aw  o f  demand* on 
, t r u s t ,  and f o r m u l a t e d  demand f u n c t i o n s  d i r e c t l y  
on t h e  b a s i s  o f  m a r k e t  d a t a  w i t h o u t  r e f e r e n c e  
t o  t h e  t h e o r y  o f  u t i l i t y  and t h e  b e h a v i o u r  o f
t h e  i n d i v i d u a l  consumer   ...............
Such demand f u n c t i o n s  r e f e r  o b v i o u s l y  t o  t h e  
m a r k e t  b e h a v i o u r  o f  t h e  co ns ume rs ,  t h a t  i s ,  t o  
t h e  b e h a v i o u r  o f  a l l  consumers  as a g r o u p ,  and 
n o t  t o  t he  b e h a v i o u r  o f  s i n g l e  i n d i v i d u a l s " * .
However ,  a p r a g m a t i c  a p p r o ac h  t o  demand p r o b l e m s  s h o u l d  
be t h e  outcome o f  a p r o c e s s  based on a r a t i o n a l  f r a m e w o r k s  
O t h e r w i s e  one m i g h t  end up w i t h  f o r m u l a t i o n s  where  v a r i a b l e s .
*  A. K o u t s o y i a n n i s :  ’ Modern M i c r o e c o n o m i c s ’ , M a c m i l l a n
P r e s s ,  London 1975,  p . 53.
whose r e l e v a n c e  o r  q u a l i t a t i v e  e f f e c t  i s  q u e s t i o n a b l e ,  a r e  
i n t r o d u c e d  i n  o r d e r  t o  a c h i e v e  a " b e t t e r "  e x p l a n a t i o n  o f  
t h e  phenomenon b e i n g  s t u d i e d .  The r e a d e r  w i l l  be a b l e  t o  
assess  t h e  v a l i d i t y  o f  t h i s  a rg ume nt  i n  t h e  f o l l o w i n g  c h a p t e r  
w h i c h  i s  d e v o t e d  t o  a r e v i e w  o f  a number o f  s t u d i e s  on t h e  
demand f o r  m o t o r  s p i r i t . *
Uhat  has been s a i d  p r e v i o u s l y ,  r a i s e s  t h e  i m p o r t a n t  
q u e s t i o n  o f  m e t h o d o l o g y  i n  e m p i r i c a l  r e s e a r c h .  The v i ew  
a d o p t e d  i n  t h i s  s t u d y  i s  b r i e f l y  o u t l i n e d  b e l o w .
2 . 5  t h e  Model  B u i l d i n g  Approach
The a p p r o ac h  Used i n  t h i s  s t u d y  i s  t h a t  o f  c o n s t r u c t i n g  
h y p o t h e s e s  and t e s t i n g  them by s t a t i s t i c a l  means.  E v e r y  
h y p o t h e s i s  t a k e s  t h e  f o r m o f  an e c o n o m e t r i c  model  w h i c h  i s  
c o n f r o n t e d  w i t h  a v a i l a b l e  i n f o r m a t i o n  i n  o r d e r  t o  e v a l u a t e  
t h e  de gr ee  o f  a g r eemen t  between t he  " t h e o r y "  and t h e  a c t u a l  
p r o c e s s  o f  e v e n t s .  I n  d o i n g  so one i m p l i c i t l y  r e f u s e s  o v e r ­
a t t a c h m e n t  t o  a s p e c i f i c  h y p o t h e s i s .  However ,  t h i s  seems 
t o  be an o b j e c t i v e  way o f  t r y i n g  t o  u n d e r s t a n d  t h e  com­
p l e x i t i e s  o f  t h e  r e a l  w o r l d .  I f  i t  i s  t r u e  t h a t
"we a l l  have a n a t u r a l  t e n d e n c y  t o  h o l d  on t o  
o u r  own t h e o r i e s  l o n g e r  t h a n  we s h o u l d  and we 
a r e  n o t  a l wa y s  as o b j e c t i v e  as we s h o u l d  be 
i n  t e s t i n g  t h e m " * *
* o r  m o t o r  g a s o l i n e  as i t  i s  c a l l e d  i n  Am er i c a n  S t u d i e s .
* *  C. Rob i nson  o p .  c i t * ,  p . 4  onwards  where an o u t l i n e  o f  t h e  
a d v a n t a g e s  o f  t h e  Model  B u i l d i n g  Appr oach  i s  g i v e n .
a method o f  a n a l y s i s  s h o u l d  be f o l l o w e d  t h a t  a l l o w s  
s u f f i c i e n t  f l e x i b i l i t y .  I t  i s  b e l i e v e d  t h a t  t h e  a p p r o a c h  
a d o p t e d  i n  t h i s  s t u d y  n o t  o n l y  a l l o w s  such f l e x i b i l i t y  b u t ,  
as l o n g  as t h e r e  i s  an e l e m e n t  o f  c o n s i s t e n c y  be tween 
d i f f e r e n t  model  f o r m u l a t i o n s ,  i s  t h e  o n l y  way t h a t  p e r m i t s  
l e a r n i n g  f ro m e x p e r i e n c e .  (See * *  p .  45 )
The above method seems to  be a r e a s o n a b l e  one i f  one 
c o n s i d e r s  a p r o b l e m  i mposed by t h e  t y p e  o f  i n f o r m a t i o n  
a v a i l a b l e .  I d e a l l y ,  one s h o u l d  t e s t  a h y p o t h e s i s  u s i n g ,  
d a t a  w h i ch  have been c o l l e c t e d  f o r  t h e  s p e c i f i c  p u r p o s e .
I n  p r a c t i c e ,  i n f o r m a t i o n  i s  used t h a t  has been g a t h e r e d  
f o r  v a r i o u s  r e a s o n s .  Thus ,  i n  most  e m p i r i c a l  s t u d i e s  i t  i s  
n o t  t h e  i d e a l  d a t a  b u t  t h e  b e s t  s u b s t i t u t e  f o r  i t  t h a t  i s  
u s e d .
However ,  t e s t i n g  d i f f e r e n t  h y p o t h e s e s  t h r o u g h  t h e  use 
o f  t h e  same s e t  o f  d a t a  i n v o l v e s  two d a n g e r s .  F i r s t ,  i f  
d i f f e r e n t  f o r m u l a t i o n s  o f  a p r o c e s s  a p pe a r  r e a s o n a b l e  and 
a c c o r d i n g  t o  some c r i t e r i o n ,  t h e  one t h a t  " f i t s  t h e  d a t a  
b e s t "  i s  s e l e c t e d ,
" t h e  c l a s s i c i a l  s t a t i s t i c a l  i n f e r e n c e  p r o c e d u r e s  
do n o t  a p p l y  to  t h o s e  same d a t a  w i t h o u t  some 
a d j u s t m e n t .  T h i s  i s  because t h e s e  c l a s s i c a l  
p r o c e d u r e s  assume t h a t  t h e  m a i n t a i n e d  h y p o t h e s i s  
. . .  i s  known w i t h  c e r t a i n t y ,  whereas  i n  t h e  
e x p e r i m e n t a l  p r o c e d u r e  ( i m p l i e d  by t h e  a p p r o a c h  
a d op t ed  i n  t h i s  s t u d y )  . . .  t h e  " m a i n t a i n e d  
h y p o t h e s i s "  i s  n o t  known w i t h  c e r t a i n t y ,  b u t  i s  
chosen because i t  f i t s  t h e  d a t a  b e t t e r  t h a t i  t h e
o t h e r  m a i n t a i n e d  h y p o t h e s e s , T h e  e f f e c t  i s  
e s s e n t i a l l y  as i f  a s y s t e m a t i c  n on- random f a c t o r  
were i n t r o d u c e d  i n t o  t h e  p r o c e s s  f o r  s e l e c t i n g  
s a m p l e s ,  t h a t  i s ,  as i f  o n l y  t h o s e  sample's t h a t  
f i t  t h e  d a t a  u n u s u a l l y  w e l l  were u s e d " * .
The second d a ng e r  i s  r e l a t e d  t o  t h e  p r e v i o u s  o ne ,
'   " i t  c o n c e r n s  t h e  p r ob le m o f  how we d e c i d e  when
t o  s t o p  h u n t i n g  f o r  a d d i t i o n a l  m a i n t a i n e d  
h y p o t h e s e s  t o  t r y  o u t  e x p e r i m e n t a l l y  a g a i n s t  t he  
d a t a  . . .  I f  an e c o n o m i s t  i s  c l e v e r  enough o r  
p e r s i s t e n t  enough ,  he can a l w ay s  f i n d  an 
e q u a t i o n  t h a t  f i t s  t h e  a v a i l a b l e  d a t a  f a i r l y  w e l l ;  
he may a l s o  c o n v i n c e  h i m s e l f  t h a t  i t  i s . a  
t h e o r e t i c a l l y  r e a s o n a b l e  e q u a t i o n .  The d a n g er  
l i e s  i n  t h e  p o s s i b i l i t y  o f  b e i n g  t oo  c l e v e r  o r  
t o o  p e r s i s t e n t ,  and f i n d i n g  an e q u a t i o n  t h a t  
f i t s  t h e  a v a i l a b l e  da ta ,  w e l l  enough b u t  i s  
n e v e r t h e l e s s  wrong because i t  d e s c r i b e s  
t e m p o r a r y  o r  a c c i d e n t a l  f e a t u r e s  o f  t h e  a v a i l a b l e  
d a t a ,  r a t h e r  t ha n  t h e  e n d u r i n g  s y s t e m a t i c  
f e a t u r e s " * .
I n  o r d e r  p a r t l y  t o  overcome t h e s e  d i f f i c u l t i e s  t h e  h y p o t h e s e s  
f o r m u l a t e d  were c o n f r o n t e d  by a d d i t i o n a l  d a t a  where  t h i s  
was p o s s i b l e .
From t h e  p o i n t  o f  v i e w  o f  t h e  t y p e  o f  d a t a  u s e d ,  demand
*  C. C h r i s t ,  o p .  c i t . ,  p . p .  8 - 9
s t u d i e s  i n  g e n e r a l  r e l y  e i t h e r  on c r o s s - s e c t i o n a l  d a t a ,  t i m e  
s e r i e s  d a t a ,  o r  a c o m b i n a t i o n  o f  b o t h .  I n  t h i s  s t u d y  t he  
emphas i s  was on t i m e  s e r i e s  d a t a ,  f o r  t h e  f o l l o w i n g  r e a s o n s .  
F i r s t ,  d e r i v a t i o n  o f  p r i c e  e l a s t i c i t i e s  t h r o u g h  t h e  use o f  
f a m i l y  b u d g e t  s u r v e y s  i s  n o t  p o s s i b l e .  T h i s  t y p e  o f  d a t a  
u s u a l l y  r e f e r s  t o  a s i n g l e  p o i n t  i n  t i m e  and t h e  a s s u m p t i o n  
has t o  be made t h a t  a l l  consumi ng  u n i t s  f a c e  an i d e n t i c a l  
p r i c e .  Second,  f a m i l y  b u d g e t  d a t a  do n o t  p e r m i t  i n  a l l  
cases i n v e s t i g a t i o n  o f  t h e  t o t a l  demand f o r  a p r o d u c t .  A p a r t  
f r om  p r i v a t e  m o t o r i n g ,  p e t r o l  i s  used f o r  c o m m e r c i a l  and 
b u s i n e s s  p u r p o s e s  as w e l l  and hence t h e  i n f o r m a t i o n  o b t a i n e d  
f r om b u dg e t  s u r v e y s  i s  i n f e r i o r  t o  t h e  i n f o r m a t i o n  r e c o r d e d  
i n  t h e  f o r m  o f  t i m e  s e r i e s .  N e v e r t h e l e s s ,  by u s i n g  c r o s s -  
s e c t i o n a l  d a t a  one overcomes a s e r i o u s  p r o b l e m .  S i n c e  t he  
v a l i d i t y  o f  t h e  c r o s s - s e c t i o n  a p p r o ac h  does n o t  depend on 
t h e  i n f l u e n c e  o f  p r o b a b l e  s h i f t s  i n  t h e  r e l a t i o n s h i p  u n d e r  
i n v e s t i g a t i o n  t h e  p r o b l e m  o f  i d e n t i f i c a t i o n  does n o t  a r i s e .  
The use o f  t i m e  s e r i e s  data,  does o f f e r  t h e  a d v a n t a g e  t h a t  
i n v e s t i g a t i o n  o f  t he  t o t a l  demand f o r  a p r o d u c t ,  r e g a r d l e s s  
o f  i t s  u s e ,  may be c a r r i e d  o u t ,  b u t  i t  r a i s e s  t h e  q u e s t i o n  
o f  l e g i t i m a c y  o f  a s i n g l e  e q u a t i o n  demand m o d e l ,  an answer  
t o  w h i c h  f o r  t h e  s p e c i f i c  case o f  p e t r o l  i s  a t t e m p t e d  b e l o w .
2 .6  L e g i t i m a c y  o f . a  Demand O r i e n t e d  Model
The . q u e s t i o n  o f  w h e t h e r  a s i n g l e  e q u a t i o n  model  may be 
used f o r  t h e  i n v e s t i g a t i o n  o f  t h e  demand f o r  any p r o d u c t ,  
u s i n g  t i m e  s e r i e s  d a t a  i s  r e l a t e d  t o  t h e  d i f f i c u l t y  o f  
s t a t i s t i c a l l y  d e d u c i n g  o u t  o f  a s e t  o f  r e l a t i o n s h i p s  w h i c h  
c o n s t i t u t e  a m o d e l ,  t h e  p a r a m e t e r s  a s s o c i a t e d  w i t h  t h e
s t r u c t u r a l  e q u a t i o n  o f  i n t e r e s t  (demand f u n c t i o n  i n  t h i s  
c a s e ) .  T h i s  happens because t h e  a v a i l a b l e  i n f o r m a t i o n  
( t i m e  s e r i e s  d a t a )  r e f e r s  t o  p o i n t s  o f  i n t e r s e c t i o n  o f  
unknown f u n c t i o n a l  r e l a t i o n s h i p s .  Thus ,  w i t h o u t  i n f o r ­
m a t i o n  c o n c e r n i n g  t h e  i d e n t i f i a b i l i t y  o f  a r e l a t i o n s h i p  
w h i c h ,  due t o  t h e  n a t u r e  o f  economi c  phenomena i n e v i t a b l y  
b e l o n g s  t o  an i n t e r d e p e n d e n t  sys tem o f  e q u a t i o n s ,  ho f u r t h e r  
p rogres .s  may be made. From t h e  p o i n t  o f  v i e w  o f  e s t i m a t i o n ,  
uee o f  o r d i n a r y  l e a s t  s q u a r e s  methods may l e a d  to  u n r e l i a b l e  
e s t i m a t e s .
I n  e m p i r i c a l  i n v e s t i g a t i o n s  t h e  i d e n t i f i c a t i o n  p r o b l e m  
i s  a q u i t e  s e r i o u s  one and c l e a r l y  a g e n e r a l  a g r ee m en t  has 
n o t  y e t  been r e a c he d  as t o  t h e  v a l i d i t y  o f  s t u d i e s  t h a t  do 
n o t  e x p l i c i t l y  t a k e  t h e  p r o b l e m  i n t o  a c c o u n t .  Some 
e c o n o m i s t s *  have d e m o n s t r a t e d  t h a t  e m p i r i c a l  e s t i m a t e s  o f  
n o n - i d e n t i f i e d  p a r a m e t e r s  a re  q u i t e  u s e l e s s ;  o t h e r s  have 
e x p r e s s e d  t h e  v i e w  t h a t  " s i t u a t i o n s  do e x i s t  i n  w h i c h  s i n g l e  
e q u a t i o n  l e a s t  s q ua r e s  methods  a r e  n a t u r a l l y  c a l l e d  f o r  by 
t h e  s t o c h a s t i c ,  economi c  t h e o r e t i c a l ,  and i n s t i t u t i o n a l  
n a t u r e  o f  t h e  r e l a t i o n s h i p  b e i n g  c o n s i d e r e d ; * *  a t h i r d  
g roup  a r e  s a t i s f i e d  as r e g a r d s  t h e  s i g n i f i c a n c e  o f  s p e c i f i e d
*  T.  Haave l mo:  ' The  S t a t i s t i c a l  I m p l i c a t i o n s  o f  a System
o f  S i m u l t a n e o u s  E q u a t i o n s ' ,  E c o n o m e t r i c s ,  vo lume 11 ,
1943 ,  p . p .  1 - 1 2 .
* *  L . R .  K l e i n :  ' S i n g l e  E q u a t i o n s  v s .  E q u a t i o n  System Methods
o f  E s t i m a t i o n  i n  E c o n o m e t r i c s ' ,  E c o n o m e t r i c s ,  vo lume 20,  
no .  4,  1 960 ,  p . p .  8 7 0 - 7 1 .
demand c u r v e s  and r e s u l t s  d e r i v e d .  The g r e a t  number  o f  
S t u d i e s  c o n c e r n i n g  t h e  demand f o r  d i f f e r e n t  p r o d u c t s  i s  
p e r h a p s  an i n d i c a t o r  o f  p r e f e r e n c e s  and t e n d e n c i e s .
However ,  a c c u m u l a t e d  e m p i r i c a l  work  i s  n o t  by i t s e l f  a 
r e a s o n  f o r  o v e r l o o k i n g  t h e  s e r i o u s  i m p l i c a t i o n s  t h a t  may 
a r i s e  when t h e  i d e n t i f i c a t i o n  c o n d i t i o n  i s  n o t  e x am i ne d .  
F o r t u n a t e l y ,  t h e r e  a re  cases  where a r e g r e s s i o n  o f  q u a n t i t y  
and o t h e r  v a r i a b l e s  g i v e s  a c o n s i s t e n t  e s t i m a t o r  o f  demand.
T h i s  happens when t h e r e  a r e  r e as o n s  t o  b e l i e v e  t h a t  s u p p l y  
i s  i n d e p e n d e n t  o f  c u r r e n t  p r i c e .  Such an a s s u m p t i o n  seems 
p l a u s i b l e  i n  t h e  case o f  p e t r o l  f o r  t h e  f o l l o w i n g  r e a s o n s :
P r i c e  may be c o n s i d e r e d  as a p u r e l y  endogenous v a r i a b l e  
w i t h i n  a c o m p e t i t i v e  m a r k e t ,  as i n  c l a s s i c a l  t h e o r y .  I n  
t h i s  r a t h e r  r a r e  s i t u a t i o n ,  t h e  e q u i l i b r i u m  p r i c e  t h a t  c l e a r s  
t h e  m a r k e t  i s  t h e  outcome o f  t h e  i n t e r a c t i o n  o f  d e s i r e d  
demand and d e s i r e d  s u p p l y .  I n  t h e  i d e a l  c o m p e t i t i v e  m a r k e t ,  
t h e  main o p e r a t i n g  f o r c e s  a r e  e ndogenous .  I n  t h e  m a r k e t  f o r  
p e t r o l ,  o t h e r  f a c t o r s  p l a y  an e q u a l l y  i f  n o t  more i m p o r t a n t  r o l e  
i n  t h e  f o r m u l a t i o n  o f  t h e  p r i c e  p r e v a i l i n g  d u r i n g  a c e r t a i n  
p e r i o d .  C o n s i d e r ,  f o r  e x a mp le ,  t h e  p r i c e  o f  a u n i t  ( g a l l o n )  
o f  p e t r o l .  T h i s  may be r o u g h l y  d i v i d e d  i n t o :
1.  The v a l u e  o f  raw m a t e r i a l  ( m a i n l y  c r u d e  o i l )  n e c e s s a r y  
f o r  t h e  p r o d u c t i o n  o f  a u n i t  o f  t h e  p r o d u c t .
2.  The amount  o f  t a x  imposed by t h e  a u t h o r i t i e s  on e v e r y
g a l l o n  o f  p e t r o l .  ( i n  t h e  U . K .  t he  t a x  r a t e  r a nge d
f rom 59 t o  73.5%,  d u r i n g  t h e  p e r i o d  1 9 5 5 - 7 3 ,  as may
be seen f rom t a b l e  4 . )
3.  O t h e r  u n i t  c o s t s  and p r o f i t s .
Now, t h e  p r i c e  o f  raw m a t e r i a l  ( c r u d e  o i l )  i s  b e i n g  
d e c i d e d  i n  w o r l d  m a r k e t s ;  t h e  amount  o f  t a x  i mposed may 
a l s o  be t a k e n  as ' e x o g e n o u s l y *  g i v e n .  S i n c e  t h e s e  two 
p a r t s  c o n s t i t u t e  t h e  m a j o r  p r o p o r t i o n  o f  t h e  f i n a l  m a r k e t  
p r i c e  o f  p e t r o l ,  one may v a l i d l y  assume t h a t  t h e  p r i c e  o f  
p e t r o l  may be t h o u g h t  o f  as an exogenous v a r i a b l e  d e t e r m i n e d  
o u t s i d e  a s u p p l y  -  demand s y s t e m .  F u r t h e r m o r e ,  t h e  p r i c i n g  
p o l i c y  o f  t h e  o i l  compan ies  i n  what  i s  e f f e c t i v e l y  an 
a d m i n i s t e r e d  p r i c e  m a r k e t ,  i s  t o  s e t  p r i c e  f o r  a p e r i o d  
ahead :  s u p p l y  i s  h i g h l y  e l a s t i c  a t  t h e  p r e d e t e r m i n e d  p r i c e .
F u r t h e r  s u p p o r t  o f  t h i s  a rg um en t  can be s o u g h t  by c o n s i d e r i n g  
t h e  n a t u r e  o f  t h e  o i l  i n d u s t r y  w h i c h  r e q u i r e s  h i g h  l e v e l s  
o f  f i x e d  i n v e s t m e n t  a t  a l l  l e v e l s  o f  a c t i v i t y  such as e x ­
t r a c t i o n ,  t r a n s p o r t a t i o n ,  r e s e a r c h ,  m a r k e t i n g  and d i s t r i b u t i o n  
The c u r r e n t  p r i c e  o f  a p r o d u c t  may n o t  be o f  g r e a t  i m p o r t a n c e  
i n  d e t e r m i n i n g  s u p p l y  i n  an i n d u s t r y  o f  t h i s  k i n d .  I t  i s  
r a t h e r  l o n g  r un  c o n s i d e r a t i o n s  ( c o n c e r n i n g  l a b o u r  and 
c a p i t a l  m a r k e t s ,  t e c h n o l o g y ,  f u t u r e  p r i c e s  o f  raw m a t e r i a l s  
and so on)  t h a t  a re  l i k e l y  t o  be o f  p r i m e  i m p o r t a n c e  when 
s u p p l y  d e c i s i o n s  a re  u n d e r t a k e n .
I n  summary,  i t  may be c o n c l u d e d  t h a t  d e r i v a t i o n  o f  
e m p i r i c a l  e s t i m a t e s ,  r e l a t i n g  t o  t h e  demand f u n c t i o n  f o r  
p e t r o l ,  by n e g l e c t i n g  t h e  s u p p l y  s i d e  o f  t h e  m a r k e t  i s  
l e g i t i m a t e ,  o r  a t  l e a s t  n o t  m i s l e a d i n g .  T h i s  i s  because
" P a r t i a l  e q u i l i b r i u m  a n a l y s i s  based on 
f i t t i n g  s i n g l e  e q u a t i o n s  r e q u i r e s ,  i d e a l l y ,  
a homogeneous commod i ty  w i t h  a s i n g l e  
q u a n t i t y  d i m e n s i o n ,  s t a b l e  consumer
p r e f e r e n c e s ,  and r e l a t i v e l y  l a r g e  f l u c t u a t i o n s  
o r  t r e n d s  i n  s u p p l y  w h i c h  a r e  i n d e p e n d e n t  o f  
t h e  c u r r e n t  m a r k e t  p r i c e " * .
The a r gume nt s  advanced p r e v i o u s l y  s u p p o r t  t h e  v i e w  t h a t  
t h e s e  c o n d i t i o n s  a r e  c l o s e l y  met  i n  t h e  case o f  p e t r o l .
2 . 7  Demand f o r  P e t r o l ;  A F i r s t  A p p r o x i m a t i o n
A c c o r d i n g  to  wha t  has been p r e v i o u s l y  s a i d ,  an i n v e s t i ­
g a t i o n  o f  p e t r o l  demand w i t h i n  a * p r i c e - i n c o m e * f r a m e w o r k  
w ou l d  seem an o b v i o u s  s t a r t i n g  p o i n t * * .  T h i s  i s  by no means 
t h e  mos t  s a t i s f a c t o r y  model  t o  t e s t  e m p i r i c a l l y .  I t  s i m p l y  
r e p r e s e n t s  a f i r s t  a p p r o x i m a t i o n  t o  t h e  p o s t u l a t e s  o f  
t r a d i t i o n a l  s t a t i c  demand t h e o r y ,  t h a t  w i l l  a l l o w  i d e n t i f i ­
c a t i o n  o f  some o f  t h e  p r o b l e m s  o f  m o d e l - b u i l d i n g  i n  t h e  
p e t r o l  m a r k e t .
Demand f o r  p e t r o l  i s  c o n s i d e r e d  h e r e  as a f u n c t i o n  o f  
i t s  o w n . p r i c e  and r e a l  d i s p o s a b l e  i nc o m e .  The f u n c t i o n  was 
d e f i n e d  b o t h  a t  p e r  c a p i t a  and a t  m a r k e t  l e v e l s  f o r  r e a s o n s  
e x p l a i n e d  l a t e r .
.* A. Brown and A. D e a t o n ,  op .  c i t .  p .  179
* *  One may v a l i d l y  a r gue  t h a t  i n c l u s i o n  o f  o t h e r  v a r i a b l e s
such as t h e  p r i c e  o f  c a r s ,  o r  p r i c e s  o f  a l t e r n a t i v e
fo r m s  o f  t r a n s p o r t  wou ld  c o n s t i t u t e  a b e t t e r  a p p r o x i ­
m a t i o n .  T h i s ,  h o we v er ,  wou ld  c r e a t e  some p r o b l e m s  o f  
e s t i m a t i o n  and i n t e r p r e t a t i o n .  E s t i m a t i o n  p r o b l e m s  
w ou l d  a r i s e  because o f  t h e  t e n d e n c y  o f , t h e  r e l e v a n t  , 
v a r i a b l e s  t o  move t o g e t h e r  o v e r  t i m e .  Lack  o f  i n d e p e n d e n t  
v a r i a t i o n /
2 .8  Per  C a p i t a  Demand f o r  P e t r o l ;  D e f i n i t i o n  o f  V a r i a b l e s
Under  such a f o r m u l a t i o n  t h e  d e pe n d e n t  v a r i a b l e  ( Q t / P ) 4.
■ 6i s  d e f i n e d  as t o t a l  p e t r o l  demand e x p r e s s e d  i n  10 g a l l o n s  
( O y ) ^ ,  d i v i d e d  by home p o p u l a t i o n  ( P ^ ) .  S i n c e  i n  t h e  o f f i c i a l  
s t a t i s t i c s  t h e  q u a n t i t y  o f  p e t r o l  demanded i s  e x p r e s s e d  i n  
t ho u s a n d  t o n s ,  c o n v e r s i o n  f a c t o r s  t h a t  were d i f f e r e n t  f rom 
p e r i o d  to  p e r i o d  were u s e d .
The“ r e l a t i v e  p r i c e  s e r i e s  (PC)^  was c o m p i l e d  f ro m 
u n p u b l i s h e d  i n f o r m a t i o n  r e l a t i n g  t o  t h e  p r i c e  h i s t o r y  o f  
p e t r o l ,  p r o v i d e d  by B r i t i s h  P e t r o l e u m .  T h i s  shows a l l  changes 
i n  p r i c e  f o r  t h e  f o u r  d i f f e r e n t  g r a de s  ( B e s t ,  Premium,
Economy,  O r d i n a r y )  d u r i n g  bhe p e r i o d  1 9 5 5 - 1 9 7 3 .  On t h e  
b a s i s  o f  t h i s  i n f o r m a t i o n  an a n nu a l  w e i g h t e d  a v e r a g e  f o r  
e v e r y  g r ade  was a t  f i r s t  c o n s t r u c t e d  u s i n g  t h e  t i m e  p e r i o d s  
d u r i n g  w h i ch  a p a r t i c u l a r  p r i c e  was p r e v a i l i n g  as t h e
v a r i a t i o n  ( m u l t i c o l l i n e a r i t y )  wou ld  t h e n  p r e v e n t  t h e  
s e p a r a t i o n  o f  t he  i n f l u e n c e  o f  each p a r t i c u l a r  i n d e p e n d e n t  
v a r i a b l e .  P ro b l ems  o f  i n t e r p r e t a t i o n  wou ld  a r i s e  because  
a s i n g l e  e q u a t i o n  model  i s  l i k e l y  to  p r o v i d e  a p o o r  
d e s c r i p t i o n  o f  t h e  u n d e r l y i n g  p r o c e s s e s .  A d r a s t i c  
change i n  c a r  p r i c e s ,  f o r  e x am pl e ,  w i l l  c e r t a i n l y  have 
an i n f l u e n c e  on p e t r o l  demand.  Bu t  t h i s  i n f l u e n c e  w i l l  
be an i n d i r e c t  o ne .  I t  w i l l  m a n i f e s t  i t s e l f  t h r o u g h  a 
change i n  t he  s t o c k  o f  c a r s  t h a t  t h e  commun i t y  d e s i r e s  
t o  h o l d .  Thus,  i t  wo u l d  seem more a p p r o p r i a t e  t o  t r y  t o  
d e s c r i b e  t h e s e  p r o c e s s e s  i n  a more s a t i s f a c t o r y  way.
T h i s  i s  a t t e m p t e d  i n  s u b s e q u e n t  c h a p t e r s .  A t  t h i s  s t a g e  
t h e  o v e r a l l  i n f l u e n c e  o f  a l l  o t h e r  p r i c e s  i s  s uppos ed  t o  
be t a k e n  i n t o  a c c o u n t  by a g e n e r a l  p r i c e  i n d e x  w h i c h  i s  
used as a d e f l a t o r .
r e l e v a n t  w e i g h t s .  A f t e r  t h e  c o m p i l a t i o n  o f  t h e s e  a n n u a l  
a v e r a g e s  f o r  e v e r y  g r a d e ,  an o v e r a l l  w e i g h t e d  a n n u a l  a v e r a g e  
p e t r o l  p r i c e  was o b t a i n e d  where t h e  a n n u a l  q u a n t i t i e s  o f  t h e  
p a r t i c u l a r  g r a de s  were used as w e i g h t s .  An exampl e a t  t h e  
end o f  t h i s  s e c t i o n  i l l u s t r a t e s  t h e  p r o c e d u r e  a d o p t e d  
( t a b l e s  7 and 8 ) .
V a r i a b l e  (YPK ) i s  d e f i n e d  as p e r  c a p i t a  r e a l  d i s p o s a b l e  
i ncome and i t  i s  t h e  r a t i o  o f  t o t a l  r e a l  d i s p o s a b l e  i ncome 
( Y ) ^  d i v i d e d  by home p o p u l a t i o n  ( :P)y.
The c o n s um e r s '  p r i c e  i n d e x  was used i n  o r d e r  t o  t r a n s f o r m  
c u r r e n t  i n t o  c o n s t a n t  ( 1 9 70 )  p r i c e s .
A l l  v a r i a b l e s  a l o n g  w i t h  t h e  r e l e v a n t  s o u r c e s  a r e  
p r e s e n t e d  i n  d e t a i l  i n  t h e  Data  A p p e n d i x .
C a l c u l a t i o n  o f  t h e  Annua l  Aver age  P r i c e  o f  P e t r o l  ; An Example
Lie have a t  o u r  d i s p o s a l  t h e  p r i c e s  o f  each g r a d e  o f  
p e t r o l  f o r  b o t h  t h e  r e t a i l  and c o m m e r c i a l / i n d u s t r i a l  m a r k e t s ,  , 
t h e  d a t e s  o f  p r i c e  change ( t a b l e  7)  and a c l a s s i f i c a t i o n  o f  
q u a n t i t i e s  consumed o f  p e t r o l  a c c o r d i n g  t o  m a r k e t  and g r a de  
( t a b l e  8 ) .
On t h e  b a s i s  o f  t h e  i n f o r m a t i o n  p r o v i d e d  i n  t a b l e  7,  
one may c a l c u l a t e  t h e  a v e r a g e  p r e v a i l i n g  p r i c e  o f  each g ra de  
i n  each p a r t i c u l a r  m a r k e t ,  as f o l l o w s :
R e t a i l  M a r k e t
W e i g h t ed  a v e r ag e  p r i c e  f o r  B e s t  = ( 3 5 . 7 2  x 113 + 3 7 . 8 2  x
160 + 3 8 . 9 2  X  71 + 4 3 . 0 0  x 
16)  t  360
= 3 7 . 9 2  , ( =  P ^ )
" " " " Premium = 37 ,1 1  {= P
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W e i g h t ed  a v e r a g e  p r i c e  f o r  Economy = 3 6 . 1 9  (= )
" , " " ” O r d i n a r y  = 3 5 . 7 1  (= P^)
C o m m e r c i a l - I n d u s t r i a l  M a r k e t  
W e i gh t ed  a v e r ag e  p r i c e  f o r  B e s t
" '* ” ”  Premium
'* ”  " ” Economy
" ■” ” " O r d i n a r y
36 .3 1  (= Pg)
3 5 . 5 9  ( =  Pg)
3 4 . 6 5  (= P^ )
33 .7 1  , (=  P . )
Now, d i s s a g r e g a t i o n  o f  t o t a l  q u a n t i t y  o f  p e t r o l  consumed 
a c c o r d i n g  t o  m a r k e t  and g r ade s  shows t h a t  t h e  s i t u a t i o n  i n  
1973 was as f o l l o w s :
T a b l e  8
C l a s s i f i c a t i o n  o f  q u a n t i t i e s  consumed o f  p e t r o l  ( i n  t h o u s a n d  
t o n s )  a c c o r d i n g  t o  m a r k e t  and g r a d e :  U . K .  1973
^ ^ \ ^ r a d e
M a r k e t
B e s t Premium Economy O r d i n a r y
R e t a i l
I n d u s t r i a l
Commerc i a l
q^=2627 
q^= 145
q?=8119 
qg= 464
93=2001 q ,= 2 9 4 8  
qg= 263
A c c o r d i n g l y ,  t h e  o v e r a l l  a n n u a l  a v e r a g e  p r i c e  o f  p e t r o l  f o r  
197 3 i s  g i v e n  by :
^ ^ i ^ i  f o r  i  = 1 , . . . . . . , BP l 9 7 3  =
z q
= 3 6 . 7 6 3  p e n c e / g a l l o n  
The p r i c e s  f o r  a l l  y e a r s  were c o m p i l e d  s i m i l a r l y .
2 . 9  Pe r  C a p i t a  Demand f o r  P e t r o l ;  R e g r e s s i o n  R e s u l t s
The p e r  c a p i t a  demand e q u a t i o n  was e s t i m a t e d  on t h e  
b a s i s  o f  a nn ua l  d a t a ,  r e f e r r i n g  to  t h e  U . K . ,  and c o v e r i n g  t h e  
p e r i o d  1 9 5 5 - 1 9 7 3 .  Tuo m a t h e m a t i c a l  f o r m s , " l i n e a r  and l i n e a r  
i n  l o g a r i t h m s ,  wore t r i e d  w i t h  t h e  v a r i a b l e s  d e f i n e d  as 
d e v i a t i o n s  f rom t h e i r  o b s e r v e d  mean v a l u e s # .  The o r d i n a r y  
l e a s t  s q u a r e s  (OLS) e s t i m a t e s  o f  t h e  p a r a m e t e r s  o b t a i n e d ,  a r e  
p r e s e n t e d  i n  t a b l e s  9 and 10.
*  Note  t h a t  by d e f i n i n g  t h e  v a r i a b l e s  i n  d e v i a t i o n s  f r om 
t h e i r  means,  one o b t a i n s  e s t i m a t e s  o f  t h e  s l o p e s  
( d e r i v a t i v e s  i n  t h e  l i n e a r  case and c o n s t a n t  e l a s t i ­
c i t i e s  i n  t h e  d o u b l e - l o g a r i t h m i c  c a s e ) .  E s t i m a t i o n  o f
/\t h e  i n t e r c e p t  o f  t h e  f u n c t i o n  a^ i s  t he n  a m a t t e r  o f  
s i m p l e  s u b s t i t u t i o n  i n t o  t h e  f o r m u l a
■ i = l :  ■ '
where Y s t a n d s  f o r  t h e  mean v a l u e  o f  t h e  d e p e n d e n t
v a r i a b l e ,  X . s  s t a n d  f o r  t h e  mean v a l u e s  o f  1 t h e
I n d e p e n d e n t  v a r i a b l e s  and t h e  "a.s r e f e r  t o  t h e  e s t i m a t e d  
s l o p e s .
T a b l e  9
U . K .  p e r  c a p i t a  demand f o r  p e t r o l :  l i n e a r  f o r m ,  1 9 55 -1 973
( Q ^ / p ) g  = a^PG^ 4 (YPK)^  +
( V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n  f rom t h e i r  means)
C o e f f i c i e n t s
E s t i m a t e s  
t - s t a t i s t i c s
= .967 
D-lii s t a t i s t i c  = 1 . 4 3 6
1 . 4 8
( 2 . 1 7 4 )
. 2 6
( 1 2 . 0 9 7 )
T a b l e  10
U . K .  p e r  c a p i t a  demand f o r  p e t r o l :  d o u b l e - l o g  f o r m # ,  1 9 55 - 1 9 7 3
(Q^/p)J .  = b^ (PG) j ,  + b^, (YPK)J. + uj.
( V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n  f r om t h e i r  means)
C o e f f i c i e n t s / e l a s  t i c i  t i es
E s t i m a t e s  
t - s t a t i s t i c s
= .965  
D-U s t a t i s t i c  = 1 . 4 5
1
. 644 
( 1 . 4 6 1 )
2
2 . 4 1 1  
( 1 0 . 5 4  6)
# p r i m e s  d e n o t e  l o g a r i t h m s  ( base e ) .
2 . 1 0  E v a l u a t i o n  o f  t h e  E s t i m a t e s
B e f o r e  any a t t e m p t  i s  made to  e v a l u a t e  t h e  r e g r e s s i o n  
e s t i m a t e s  i t  seems a p p r o p r i a t e  t o  g i v e  an o u t l i n e  o f  t h e  
c r i t e r i a  u s e d .  B r i e f l y ,  t h e s e  may be c l a s s i f i e d  as f o l l o w s :
1 .  Economic  a p r i o r i  c r i t e r i a ,  r e l a t i n g  m a i n l y  t o  t h e  
s i g n s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s .
2.  S t a t i s t i c a l  c r i t e r i a ,  r e l a t i n g  t o  t h e  s t a t i s t i c a l  
r e l i a b i l i t y  o f  t h e  e s t i m a t e s .  These a r e :
The t - s t a t i s t i c ,  t h a t  i s  t h e  r a t i o  o f  t h e  e s t i m a t e  o f  a 
p a r a m e t e r  t o  i t s  s t a n d a r d  e r r o r .  C u s t o m a r i l y ,  t h e  v a l u e  
o f  t h i s  r a t i o  i s  compared w i t h  t a b u l a t e d  t h e o r e t i c a l  
v a l u e s  ( a c c o r d i n g  t o  t h e  a v a i l a b l e  d e g re e s  o f  f r ee dom 
and t h e  d e s i r e d  -  n o r m a l l y  5% -  l e v e l  o f  s i g n i f i c a n c e ) .
A c o e f f i c i e n t '  i s  c o n s i d e r e d  to  be s t a t i s t i c a l l y  ' 
s i g n i f i c a n t  a t  5% i f  i t  i s  a t  l e a s t  t w i c e  t h e  s i z e  o f  
i t s  s t a n d a r d  e r r o r ,  b u t  t h i s  i s  n o t  a l w a y s  n e c e s s a r y .
The * t w o - t a i l '  t e s t ,  d e s c r i b e d  a bov e ,  s h o u l d  be used 
i f  one want s  t o  t e s t  w h e t h e r  an e s t i m a t e d  c o e f f i c i e n t  
i s  s i g n i f i c a n t l y  d i f f e r e n t  f r om z e r o ;  b u t  i f  on t h e  
b a s i s  o f  a p r i o r i  economi c  c r i t e r i a  one e x p e c t s  a 
c o e f f i c i e n t  t o  have a s p e c i f i c  s i g n ,  t h e n  i t  i s  t h e  
* o n e - t a i l '  t e s t  w h i ch  i s  a p p l i c a b l e # .  S i n c e  e c ono mi c  
t h e o r y  p o s t u l a t e s  t h a t  i nc o m e ,  f o r  i n s t a n c e ,  i s  e x p e c t e d  
t o  be p o s i t i v e l y  r e l a t e d  w i t h  t h e  q u a n t i t y  demanded o f  
a p r o d u c t ,  wha t  one has t o  t e s t  i s  w h e t h e r  t h i s
# M.S.  Common: ' B a s i c  E c o n o m e t r i c s :  An I n t r o d u c t o r y  T e x t
f o r  E c o n o m i s t s ' ,  Longman,  London 1976,  p . p . 1 5 7 - 1 7 2 .  See 
a l s o  H.H.  K e l e g i a n  and U . E .  G a t e s ,  ' I n t r o d u c t i o n  t o  
E c o n o m e t r i c s ' ,  H a r p e r  I n t e r n a t i o n a l  E d i t i o n ,  London 1 974 ,  
p . p .  8 7 - B 8 .
c o e f f i c i e n t  i s  s t a t i s t i c a l l y  g r e a t e r  t h a n  zero-  as- 
opposed to  d i f f e r e n t  f rom z e ro  ( w h i c h  i n c l u d e s  t h e  
p o s s i b i l i t y  o f  i t  b e i n g  n e g a t i v e ) .
As f o r  t h e  e x p l a n a t o r y  power  o f  t h e  i n d e p e n d e n t  
v a r i a b l e s  s e l e c t e d ,  t h e  c o e f f i c i e n t  o f  m u l t i p l e
d e t e r m i n a t i o n ,  R^,  i s  u s e d .  N e v e r t h e l e s s ,  t o o  much
2i m p o r t a n c e  i s  n o t  a t t a c h e d  t o  a h i g h  v a l u e  o f  R ,
2
s i n c e  a h i g h  R , a l t h o u g h  d e s i r a b l e ,  i s  n o t  a l w a ys  a 
s a t i s f a c t o r y  i n d i c a t o r  o f  t h e  e x p l a n a t o r y  power  o f  a
s e t  o f  v a r i a b l e s .  D e a l i n g  w i t h  t i m e  s e r i e s ,  i n  p a r -
2t i c u l a r ,  a h i g h  R m i g h t  j u s t  r e f l e c t  t h e  f a c t  t h a t  
a l l  e conomi c  v a r i a b l e s  t en d  to  move t o g e t h e r  o v e r  t i m e  
(as have c o n s u m p t i o n  o f  p e t r o l  and d i s p o s a b l e  i n c o m e ) .  
However ,  as F i s h e r  and Kaysen'  have p o i n t e d  o u t :
" s uc h  c o r r e l a t i o n s  g e n e r a l l y  have l i t t l e  
a n a l y t i c a l  v a l u e . . .  ( b e i n g )  i n c a p a b l e  o f  
i n d i c a t i n g  p o s s i b l e  changes i n  t h e  r a t e s  a t  
w h i c h  one s e t  o f  v a r i a b l e s  w i l l  move r e l a t i v e  
t o  a n o t h e r " # .
3 . ,  E c o n o m e t r i c  c r i t e r i a ,  r e l a t i n g  m a i n l y  t o  t h e  p r o b l e m s
o f  a u t o c o r r e l a t i o n  and m u l t i c o l l i n e a r i t y .  The s t a n d a r d  
D u r b i n - U a t s o n  " d "  s t a t i s t i c  i s  used f o r  t h e  e x a m i n a t i o n  
o f  t h e  randomness o f  t h e  r e g r e s s i o n  r e s i d u a l s .  D e t e c t i o n  
o f  a u t o c o r r e l a t i o n  n e c e s s i t a t e s  some k i n d  o f  c o r r e c t i v e  
• a c t i o n  and i n  e m p i r i c a l  wor k  t r a n s f o r m a t i o n  o f  t h e  
v a r i a b l e s  i n t o  f i r s t  d i f f e r e n c e s  i s  a s o l u t i o n  o f t e n  
a d o p t e d .  I n  t h i s  s t u d y  t h e  v i e w  i s  t a k e n  t h a t  " t h e
F.M.  F i s h e r  and C. K ay sen,  op .  c i t . ,  p . 2.
*t y p e  o f  c o r r e c t i v e  a c t i o n  i n  each p a r t i c u l a r  e c o n o ­
m e t r i c  a p p l i c a t i o n  depends on t h e  cause o r  s o u r c e  o f  
a u t o c o r r e l a t i o n " # .  T h i s  i m p l i e s  t h a t  i t  seems more 
a p p r o p r i a t e  t o  t r y  f i r s t  t o  i m p r o v e  a model  by c o n s i d e r ­
i n g  v a r i a b l e s  t h a t  have p o s s i b l y  been l e f t  o u t  o f  the  
a n a l y s i s  t ha n  t o  r e s o r t  t o  m a t h e m a t i c a l  t r a n s f o r m a t i o n s  
w i t h o u t  e x a m i n i n g  p robab&e e r r o r s  o f  model  s p e c i f i ­
c a t i o n .
Ab ou t  m u l t i c o l l i n e a r i t y  v e r y  l i t t l e  may be s a i d :  i t
i s  a d a t a  d e f i c i e n c y  p r o b l e m  f o r  w h i c h  t h e r e  e x i s t s  no 
known s o l u t i o n * # .  The i l l  e f f e c t s  o f  m u l t i c o l l i n e a r i t y  
show up i n  t h e  f o r m o f  l a r g e  s t a n d a r d  e r r o r s  o f  t h e  
r e g r e s s i o n  e s t i m a t e s  w h i c h  a r e  t h u s  T en der ed  s t a t i s t i c a l l y  
i n s i g n i f i c a n t ,  i n  c o n t r a d i c t i o n  t o  a p r i o r i  e x p e c t a t i o n s .  
One c o r r e c t i v e  a c t i o n  i n  such a case wou l d  be t o  d r op  
f r om t h e  e s t i m a t i n g  e q u a t i o n  t h e  r e l e v a n t  v a r i a b l e .
T h i s  p r o c e d u r e  i s  a d o p t e d  h e r e  when n e c e s s a r y # # * .
A. K o u t s o y i a n n i s :  ' T h e o r y  o f  E c o n o m e t r i c s ' ,  M a c M i l l a n
P r e ss  L t d . ,  London 1973 ,  p . 198.
O. S.  Cramer ,  o p .  c i t . ,  p . p .  9 8 - 1 0 3 .
### C o m b i n a t i o n  o f  c r o s s - s e c t i o n  and t i m e  s e r i e s  o b s e r ­
v a t i o n s  i s  a p r o c e d u r e  a l s o  u s ed .  However ,  due t o  
d a t a  l i m i t a t i o n s ,  w h i c h  become a c u t e  p a r t i c u l a r l y  when 
t h e  n a ï v e  ' p r i c e - i n c o m e ' model  i s  abandoned,  i s  n o t  
p o s s i b l e .
C o n s i d e r a t i o n  now o f  t h e  e s t i m a t e s  d e r i v e d ,  on t h e  
b a s i s  o f  t h e  c r i t e r i a  o u t l i n e d  a b o v e * ,  shows t h a t  as f a r  as 
t h e  p r i c e  c o e f f i c i e n t  i s  c o n c e r n e d ,  t h e  r e s u l t s  a r e  p o o r .
On t h e o r e t i c a l  g ro un d s  one wou l d  e x p e c t  t h a t  t h e  ' a v e r a g e '  
consumer  r e a c t s  i n v e r s e l y  t o  a p r i c e  change ,  and n o t  i n  the  
same d i r e c t i o n  as t h é  d e r i v e d  c o e f f i c i e n t s  i n d i c a t e .  The 
i ncome c o e f f i c i e n t ,  on t h e  o t h e r  hand,  i s  h i g h l y  s i g n i f i c a n t  
and w i t h  a p o s i t i v e  s i g n ,  as one wou l d  e x p e c t  on a p r i o r i  
g r o u n d s .  However ,  i t s  s i z e  seems u n r e a s o n a b l y  h i g h .  I n  
t h e  d o u b l e  l o g a r i t h m i c  c a s e ,  f o r  i n s t a n c e ,  where i t  g i v e s  a 
d i r e c t "  e s t i m a t e  o f  t h e  c o r r e s p o n d i n g  e l a s t i c i t y  i t  wou l d  
i n d i c a t e  t h a t  a 1^ i n c r e a s e  i n  p e r  c a p i t a  income w i l l  be 
f o l l o w e d  by a 2 . 4 ‘Xi i n c r e a s e  i n  q u a n t i t y  demanded o f  p e t r o l .  
However ,  i t  i s  h a r d  t o  see why,  ' o t h e r  t h i n g s  r e m a i n i n g  
c o n s t a n t ' ,  as t h i s  model  assumes,  t h e  i ncome e l a s t i c i t y  i s  
so h i g h .  I t  i s  most  p r o b a b l e  t h a t  t h e  income c o e f f i c i e n t  
r e p r e s e n t s  t h e  sum o f  s e v e r a l  e f f e c t s .  I n  o t h e r  w o r d s ,  an 
i n c r e a s e  i n  d i s p o s a b l e  i ncome m i g h t  i n f l u e n c e  t h e  amount  o f  
p e t r o l  t h a t  m o t o r i s t s  use ( w h i c h  i n  t u r n  r e f l e c t s  an 
i n c r e a s e  i n  t h e  r a t e  o f  u t i l i z a t i o n  o f  t h e  s t o c k  o f  c a r s  i n  
t h e  c o m m u n i t y ) .  T h i s  may be c a l l e d  ' t h e  d i r e c t  e f f e c t ' .
On t h e  o t h e r  hand,  an i n c r e a s e  i n  i ncome may i n f l u e n c e  
demand i n d i r e c t l y  -  t h e  ' i n d i r e c t  e f f e c t '  -  t h r o u g h  an 
i n c r e a s e  i n  t h e  number o f  p e t r o l  powered m o t o r  v e h i c l e s .
The same c r i t e r i a  a r e  used t h r o u g h o u t  t h e  s t u d y .  I n  
one p a r t i c u l a r  f o r m u l a t i o n  (use  o f  l a g g e d  d e p e n d e n t  
v a r i a b l e  as an e x p l a n a t o r y  f a c t o r )  t h e  D u r b i n - U a t s o n  
s t a t i s t i c  i s  n o t  a p p l i c a b l e  ( see c h a p t e r  5 ) .
A n o t h e r  e q u a l l y  i m p o r t a n t  e x p l a n a t i o n  may be o f f e r e d  
as a p r o b a b l e  r e a so n  f o r  t h e  p o o r  p e r f o r m a n c e  o f  t h e  p e r  
c a p i t a  e q u a t i o n .  T r a n s f o r m a t i o n s  o f  v a r i a b l e s  may assume 
r e l a t i o n s h i p s  t h a t  i n  f a c t  do n o t  e x i s t  and t h e  p r o c e d u r e  
o f  d i v i d i n g  t o t a l  c o n s u m p t i o n  by t o t a l  p o p u l a t i o n ,  i n  
p a r t i c u l a r ,  i s  n o t  a l t o g e t h e r  s a t i s f a c t o r y .  F i r s t ,  t h e  
number o f  consumers  most  l i k e l y  d i f f e r s  a c c o r d i n g  t o  t h e  
commod i ty  u n d e r  s t u d y  -  f o r  i n s t a n c e ,  i n  t h e  case o f  p e t r o l ,  
l e g i s l a t i o n  i mposes a l o w e r  age l i m i t  on t h e  r i g h t *  t o  d r i v e .  
Thus,  w h i l e  a h i g h e r  t ha n  n o r ma l  i n c r e a s e  o f  t h e  p o p u l a t i o n  
m i g h t  n o t  have any e f f e c t  on t h e  demand f o r  p r i v a t e  t r a n s ­
p o r t a t i o n ,  i t  w i l l  c e r t a i n l y  a f f e c t  a t i m e  s e r i e s  e x p r e s s e d  
i n  p e r  c a p i t a  t e r m s .  So i f  t h e  p r o p o r t i o n  o f  p e r s o n s  u n d e r  
a c e r t a i n  age i n  t h e  commun i ty  does n o t  re ma in  c o n s t a n t ,  t h e  
use o f  t o t a l  p o p u l a t i o n  as a d i v i s o r  i s  l i k e l y  t o  p r o d u c e  
p e r  head f i g u r e s  t h a t  a r e  n o t  o n l y  m i s l e a d i n g  i n  a b s o l u t e  
amount  b u t  a re  a l s o  i n a c c u r a t e  i n  t h e i r  movement  o v e r  t i m e .  
D i f f e r e n t  c o m b i n a t i o n s  o f  ages (and s e x e s )  can be used t o  
p r o v i d e  u s e f u l  e s t i m a t e s  f o r  d i f f e r e n t  c o m m o d i t i e s  on a p e r  
head b a s i s ,  and i n  s e v e r a l  s t u d i e s *  a w e i g h t e d  sum o f  t h e  
numbers o f  ma les  and f e m a l e s  o f  d i f f e r e n t  ages i n  t h e  
commun i ty  i s  u s e d .  T h i s  w e i g h t i n g  i s  n o t  a d o p t e d  h e r e .  
I n s t e a d  t h e  r e g r e s s i o n  e q u a t i o n s  a r e  r e d e f i n e d  a t  t h e  m a r k e t  
l e v e l ,  u s i n g  t o t a l  c o n s u m p t i o n  (Q-y) and t o t a l  i ncome ( Y ) .
*  An example  i s  g i v e n  i n  R. S t o n e :  ' Th e  Meas ure me nt  o f
Consumers '  E x p e n d i t u r e s  and B e h a v i o u r  i n  t h e  U * K . ,  1920 
1 9 3 8 ' ,  C ambr idge ,  E n g l a n d :  Cambr i dge  U n i v e r s i t y  P r e s s ,
1 9 5 4 .
Under  such a f o r m u l a t i o n  t h e  ' p r i c e - i n c o m e '  model  
e s t i m a t e s  a r e  as f o l l o w s  ( t a b l e s  11 and 1 2 ) ;
T a b l e  11
M a r k e t  Demand f o r  P e t r o l  -  L i n e a r  fo rm
(Qt )l - ^l^^t ^2^1 ^t
( V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f rom t h e i r  means)
P a r a m e t e r  e s t i m a t e s  
t - s t a t i s t i c s
= ,977 
D-IJ s t a t i s t i c  = 1 . 5 5
"1
81 .5 7
( 2 . 4 & 6 )
°2 
" 2:3 
( 1 4 . 7 5 4 )
T a b l e  12
M a r k e t  Demand f o r  P e t r o l  -  D ou b l e  l o g  f o r m
( Q t ) '  =  b i ( P G ) '  + b ^ Y -  +  :
( V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f rom t h e i r  means)
P a r a m e t e r  e s t i m a t e s  
t - s t a t i s t i c s
= .975
D-U s t a t i s t i c  = 1 . 5 3
u i
. 608
( 1 . 5 3 4 ) ,
2
. 2 . 1 4 6
( 1 2 . 7 6 7 )
The p e r f o r m a n c e  o f  t h e  m a r k e t  demand e q u a t i o n s  does n o t  
show any i m pr o v e m e n t  compared t o  t h e  p e r  c a p i t a  f o r m u l a t i o n s ,  
as may be seen f rom t h e  p r i c e  c o e f f i c i e n t s  w h i ch  s t i l l  e x h i b i t  
u n e x p e c t e d  p o s i t i v e  s i g n s .  The i ncome e l a s t i c i t y  c o n t i n u e s  
t o  be u n r e a s o n a b l y  h i g h  g i v i n g  t h e  i m p r e s s i o n  t h a t  t h i s  
v a r i a b l e  becomes a ' p o r t m a n t e a u '  f o r  a l l  u n d e r l y i n g  ch ang es ,  
n o t  e x p l i c i t l y  a c c o u n t e d  f o r  by t he  naTve f o r m u l a t i o n .  
F u r t h e r m o r e ,  t h e  s i m i l a r i t y  o f  t h e  r e s u l t s  w i t h  r e s p e c t  t o  
t h e  s i g n s  o f  t h e  p r i c e  c o e f f i c i e n t s  t e n d s  to i n d i c a t e  t h a t  
i t  i s  n o t  t h e  m a t h e m a t i c a l  f o rm b u t  r a t h e r  t h e  s p e c i f i c a t i o n  
of. t h e  r e l a t i o n s h i p s  w h i ch  i s  u n s u c c e s s f u l .  T h i s  s u g g e s t s  
t h a t  a t t e n t i o n  s h o u l d  be f o c u s e d  on f a c t o r s  t h a t  i n  a s i m p l e  
p r i c e - i n c o m e  model  a r e  i g n o r e d ,  o r  assumed t o  r e m a i n  c o n s t a n t .  
I n  c h a p t e r  1 t h e  s t r o n g  t e c h n o l o g i c a l  r e l a t i o n s h i p  o r ,  more 
p r o p e r l y ,  t e c h n o l o g i c a l  c o m p l e m e n t a r i t y  be tween c a r s  and 
p e t r o l  was s t r e s s e d .  T h i s ,  i n  c o n j u n c t i o n  w i t h  t h e  e x p l a n a t i o n  
g i v e n  a b o u t  t h e  u n r e a s o n a b l y  h i g h  i ncome e l a s t i c i t y  o b t a i n e d ,  
s u g g e s t s  c o n s i d e r a t i o n  o f  a ' s t o c k '  o r  ' i n d i r e c t  i n c o m e ' 
e f f e c t .  I n  s u b s e q u e n t  c h a p t e r s  a more p r a g m a t i c  a p p r o a c h  
t o  p r o b l e m s  o f  demand a n a l y s i s  i s  a d o p t e d  where i n t u i t i v e  
r e a s o n i n g  i s  used r a t h e r  t h a n  p r e c o n c e p t i o n s  a b o u t  u t i l i t y  
m a x i m i s i n g  co nsume rs .  B e f o r e  t h e  f o r m u l a t i o n  o f  mode l s  
t h a t  a r e  d e s i g n e d  t o  f i t  o b s e r v e d  m a r k e t  b e h a v i o u r ,  h o w e v e r ,  
a r e v i e w  o f  s t u d i e s  on t h e  demand f o r  p e t r o l  i s  p r e s e n t e d  
i n  t h e  f o l l o w i n g  c h a p t e r  t o  show how o t h e r  w o r k e r s  i n  t h i s  
f i e l d  have t r e a t e d  t h e  p r o b l e m .
C h a p t e r  3 
L i t e r a t u r e  Rev iew
3 . 1  I n t r o d u c t i o n
A r e v i e w  o f  a number o f  s t u d i e s  o f  t h e  demand f o r  
p e t r o l  shows t h a t  t he  f o r m u l a t i o n s  o f  t h e  mode l s  d i f f e r  
w i t h  r e s p e c t  t o  t h e  t h e o r e t i c a l  r e s t r i c t i o n s  used as w e l l  
as t h e  e s t i m a t i o n  t e c h n i q u e s  e m p l o ye d .  N e v e r t h e l e s s ,  such 
a r e v i e w  h e l p s  t h e  r e s e a r c h  w o r k e r  t o  draw c o n c l u s i o n s  as 
t o  t h e  v a l i d i t y  o f  a s s u m p t i o n s  made, t h e o r e t i c a l  o r  
p r a c t i c a l  f o u n d a t i o n s  o f  t h e  mode l s  c o n s t r u c t e d ,  and d a t a  
r e q u i r e m e n t s .  B e s i d e s ,  t h e  ( i m p l i c i t  o r  e x p l i c i t )  c l a i m  
o f  t h e  s t u d e n t  o f  a p a r t i c u l a r  m a r k e t  t h a t  h i s  model  c on ­
s t i t u t e s  an i m p r o v e m e n t  compared t o  p r e v i o u s  work  can be 
more e a s i l y  a s s e s s e d .
The s t u d i e s  c o n s i d e r e d  r e f e r  n e i t h e r  to  t h e  same 
p e r i o d  n o r  t o  t h e  same c o u n t r y ;  t h e r e f o r e ,  one e x p e c t s  
t h a t  d i f f e r e n c e s  i n  mode l s  and r e s u l t s  w i l l  r e f l e c t  d i f f e r ­
ences i n  m a r k e t  s t r u c t u r e s  and o t h e r  r e l a t e d  e co no mi c  o r  
non economi c  f a c t o r s .  N e v e r t h e l e s s ,  t h e y  s u g g e s t  t h a t  ■ 
some g e n e r a l  c o n c l u s i o n s  can be d rawn .
Research  r e f e r r i n g  t o  m o t o r  g a s o l i n e  demand can be 
c l a s s i f i e d  i n t o  two main c a t e g o r i e s :
( i )  E n g i n e e r i n g  t y p e ,  where r e l a t i o n s h i p s  be tween 
f u e l  economy and v e h i c l e  c h a r a c t e r i s t i c s  a r e  
a n a l y s e d ;  and 
( i i )  E c o n o m e t r i c  t y p e ,  where a t t e n t i o n  i s  f o c u s e d  
on t h e  i n f l u e n c e  o f  e c o no m i c ,  s o c i a l  and
d e m o g r a p h i c  v a r i a b l e s ,  such as p r i c e s ,  i nc o me ,  
p o p u l a t i o n ,  l a g g e d  c o n s u m p t i o n ,  e t c . ,  on 
v a r i a t i o n s  i n  t h e  q u a n t i t y  demanded o f  t h e  . 
p r o d u c t .
I n  u h a t  f o l l o w s ,  an e n g i n e e r i n g  t y p e  o f  s t u d y  i s  f i r s t  
p r e s e n t e d  w h i c h  c o n c e n t r a t e s  on m o t o r  v e h i c l e  c h a r a c t e r ­
i s t i c s ;  t h e  d i s c u s s i o n  i s  t he n  t u r n e d  to  e c o n o m e t r i c  
r e s e a r c h .  The common f e a t u r e  o f  t h e  l a t t e r  t y p e  o f  s t u d y  
i s  i t s  f a i l u r e  to  u t i l i s e  t h e  k i n d  o f  d a t a  f o u n d  i n  t he  
work  by H i l l  and Yudow ( t h e  e n g i n e e r i n g  t y p e  o f  s t u d y ) .
T h i s  i s  an i m p o r t a n t  p o i n t  wh ic h  i s  t a k e n  up i n  c h a p t e r  4.
3 . 2  C . T .  H i l l  and B.D.  Yudow S t u d y *
T h i s  i s  an e n g i n e e r i n g  t y p e  o f  s t u d y  r e f e r r i n g  to  t h e  
USA. The model  i s  based on r e a d i l y  i d e n t i f i a b l e  c h a r a c t e r ­
i s t i c s  o f  t h e  a u t o m o b i l e  p o p u l a t i o n ,  such as a v e r a g e  v e h i c l e  
w e i g h t  f o r  each model  y e a r  d u r i n g  t h e  p e r i o d  1 9 5 4 - 1 9 7 1 ,  
a v e r ag e  p o u n d - m i l e s  p e r  g a l l o n ,  d e r i v e d  f r om a r e l a t i o n s h i p  
between f u e l  economy and v e h i c l e  w e i g h t * * ,  and t o t a l  s a l e s .
*  C .T .  H i l l  and B.D.  Yudow: ' E n e r g y  Con su mp t i on  and
t h e  P r i v a t e  A u t o m o b i l e  t o  1 9 8 0 ' ,  p r e s e n t e d  a t  t h e  
A me r i ca n  I n s t i t u t e  o f  Chemi ca l  E n g i n e e r s  ( A I  CHE) 
F i r s t  S o u t h w e s t e r n  Ohio C o n f e r e n c e  on Ener gy  and 
t h e  E n v i r o n m e n t ,  25 -26  O c t o b e r  1973.
* *  T h i s  r e l a t i o n s h i p  has been d e v e l o p e d  by t h e  U . S .
E n v i r o n m e n t a l  P r o t e c t i o n  Agency (EPA) and e x p r e s s e s  
t h e  amount  o f  f u e l  consumed p e r  m i l e  ( F / M)  as a 
l i n e a r  f u n c t i o n  o f  t h e  a u t o  w e i g h t  ( u ) ,  t h a t  i s :  
( F / M ) /
c o m b i n a t i o n  o f  t h e s e  f a c t o r s  w i t h  d a t a  on t h e  l i f e s p a n  
o f  a u t o m o b i l e s  and d a t a  f rom a s u r v e y  on m i l e s  d r i v e n  p e r  
c a r  as a f u n c t i o n  o f  age,  g i v e s  an e n g i n e e r i n g  e s t i m a t e  o f  
g a s o l i n e  c o n s u m p t i o n .  Assuming t h e  l i f e s p a n  o f  a u t o m o b i l e s  
and t h e  m i l e s  d r i v e n  c o n s t a n t ,  t h e y  d e r i v e  c o n d i t i o n a l  f o r e ­
c a s t s  f rom 1972 t o  1980 u n d e r  d i f f e r e n t  a s s u m p t i o n s  r e f e r r i n g  
to  t h e  * c '  f a c t o r  ( see  f o o t n o t e ) ,  a n n u a l  c a r  s a l e s ,  and 
a v e r a g e  w e i g h t  o f  v e h i c l e s  s o l d . They g i v e  a f o r e c a s t  o f  
g a s o l i n e  c o n s u m p t i o n  f o r  1980 r a n g i n g  f r om  a 1Q% d e c r e a s e  
t o . a  6S% i n c r e a s e  r e l a t i v e  t o  1973 .  The ' l o w '  f o r e c a s t  i s  
based on t h e  a s s u m p t i o n  t h a t  t h e  a v e r a g e  c a r  w e i g h t  d u r i n g
t h e  p e r i o d  1974-1980  w i l l  be 2869 pounds a g a i n s t  an a v e r ag e
o f  3339 pounds i n  1971,  t h a t  t h e r e  w i l l  be a d e c l i n e  i n  t he  
a n n u a l  a v e r a g e  g r o w t h  r a t e  o f  c a r  s a l e s  f r om 3.4% i n  1 9 73 - 74  
t o  1 .7 X  d u r i n g  1 9 7 5 - 8 0 ,  and t h a t  t h e  ' c ' f a c t o r  w i l l  be 30^  ,
h i g h e r  t han  i t s  1973 l e v e l .  The ' h i g h '  f o r e c a s t  i s  t he
outcome o f  assuming  unchanged s a l e s  g r o w t h  r a t e  and a v e r a g e  
c a r  w e i g h t ,  and a 30X d e c r e a s e  o f  t h e  ' c '  f a c t o r  compared 
t o  i t s  197 3 1 e v e l .
■ The l a c k  o f  c o n s i d e r a t i o n  o f  t h e  l i k e l y  i n f l u e n c e  o f  
economi c  f a c t o r s  i s  one o f  t h e  u n d e s i r a b l e  f e a t u r e s  o f  t h e
(F / M)  = l . U  ( 3 . 2 . 1 )
c
where c i s  a c o n s t a n t  o b t a i n e d  by l e a s t  s q u a r e s  
r e g r e s s i o n s  f o r  each o f  t h e  y e a r s  1 9 5 7 - 1 9 7 3 .  See;  
USA E n v i r o n m e n t a l  P r o t e c t i o n  Agency ;  ' F u e l  Economy 
and E m i s s i o n  C o n t r o l ' ,  November 1972.
model  i f  i t  i s  t o  be used i n  a p e r i o d  o f  r a t h e r  s i g n i f i c a n t  
p e t r o l  p r i c e  i n c r e a s e s .  T h i s  d rawback  i s  r e c o g n i s e d  by t h e  
a u t h o r s  who c o n c l u d e  t h a t  "more work  s h o u l d  be done on t h i s  
and s i m i l a r  m o d e l s " .
3 . 3  K i t c h e ' l l  S t u d y *
E. K i t c h e l l ,  u s i n g  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  
combines  t r e n d  r a t i o s  o f  c o n s u m p t i o n  p e r  v e h i c l e ,  r e a l  p r i c e  
o f  m o t o r  g a s o l i n e ,  and r e a l  i ncome t o  d e r i v e  " t h e  s t a t i s t i c a l  
l a w "  o f  demand f o r  m o t o r  f u e l  i n  t h e  U n i t e d  S t a t e s ,  1 9 2 9 - 1 9 5 7 .  
Such an a ppr o ac h  assumes t h a t  t h e  consumer  has a k n ow l edg e  
o f  t h e  " n o r m a l "  ( o r  t r e n d )  l e v e l  o f  economi c  v a r i a b l e s ,  namel y  
c o n s u m p t i o n ,  p r i c e s  and i nc o m e ,  and t h a t  t h i s  " n o r m a l "  
changes s m o o t h l y  t h r o u g h  t i m e .  Now, s i n c e  t h e  i n v e s t i g a t o r  
does n o t  have an a p r i o r i  kn o w l e dg e  o f  t h e s e  " n o r m a l "  l e v e l s  
d u r i n g  a s p e c i f i c  p e r i o d ,  he t r i e s  t o  a p p r o x i m a t e  them by 
f i t t i n g  e m p i r i c a l  c u r v e s  t o  t h e  d a t a .  Once t h e  c o m p a r a t i v e l y  
l o n g - t e r m  movements a r e  removed ,  t h e  so i s o l a t e d  s h o r t - r u n  
movements may he f u r t h e r  s t u d i e d .
K i t c h e l l  makes t h e  above h y p o t h e s i s  o p e r a t i o n a l  by 
f i t t i n g  l e a s t  s q u a r e s  s t r a i g h t  l i n e  t r e n d s  t o  t h e  l o g a r i t h m s  
o f  t h e  d a t a  on m o t o r  f u e l  c o n s u m p t i o n  p e r  v e h i c l e  ( x ^ ) ,  r e a l  
p r i c e  o f  g a s o l i n e  i n  c e n t s  p e r  g a l l o n  ( x ^ )  and p e r  c a p i t a
*  E.  K i t c h e l l :  ^ S t a t i s t i c a l  I n v e s t i g a t i o n  i n  t h e
E l a s t i c i t i e s  o f  Demand f o r  M o t o r  F u e l ,  USA, 1 9 2 9 - 1 9 5 7 ' ,  
u n p u b l i s h e d  Ph .D .  T h e s i s ,  U n i v e r s i t y  o f  T ex a s ,  1959 .
r e a l  i ncome i n  d o l l a r s  ( x ^ ) * '  S u b s e q u e n t l y ,  t h e  r a t i o s  o f  
t h e  a c t u a l  v a l u e s  o f  t h e s e  v a r i a b l e s  i n  p e r i o d  t  t o  t h e  
c o r r e s p o n d i n g  t h e o r e t i c a l  t i m e  t r e n d  v a l u e  i n  t  ( d e n o t e d  
by X^,  Xp,  and X^ r e s p e c t i v e l y )  a r e  used i n  t h e  r e g r e s s i o n  
a n a l y s e s  f o r  t h e  d e r i v a t i o n  o f  t h e  demand f u n c t i o n s  and t h e  
r e l e v a n t  p r i c e  and income e l a s t i c i t i e s * .
The m u l t i p l e  r e g r e s s i o n  e q u a t i o n  e x p r e s s e d  i n  r a t i o s  
i s  as f o l l o w s  :
X^ = 9 2 .4 2 9  -  . 02506X2 + . 1 0 1 9 6 X 3 ( 3 . 3 . 1 )
Now, g i v e n  t h a t  by d e f i n i t i o n  X . = * i  (where  i  = 1,  2,  3
1  T x ,  •
and Tx.  d e n o t e s  . the t h e o r e t i c a l  t r e n d  v a l u e s  o f  t h e  
c o r r e s p o n d i n g  s e r i e s ) ,  one may t r a n s f o r m  e q u a t i o n  ( 3 . 3 . 1 )  
i n t o
X,  =  9 2 . 4 2 9 ( T x , )  -  . 0 2 5 0 6  ^^.1 x^  + . 1 0 1 9 6  T * }  % ( 3 . 3 . 2 )
, ' , , T ' Z  TX3
However ,  t h e  u s e f u l n e s s  o f  t h e  s t u d y  i s  l i m i t e d  f o r  t h e  
f o l l o w i n g  r e a s o n s ;
A l t h o u g h  t h e  r e s u l t s  r e p o r t e d  i m p l y  v e r y  l o w  e l a s t i c i t y  
v a l u e s  f o r  p r i c e  ( r a n g i n g  f r om  - . 1 0 1  t o  - . 0 7 1 )  and i ncome 
( r a n g i n g  f ro m .081 to  . 1 5 2 )  t h e i r  s i g n i f i c a n c e  c a n n o t  be 
e v a l u a t e d  s i n c e  t h e  a u t h o r  does n o t  a p p l y  any s t a t i s t i c a l  
c r i t e r i a  t o  t e s t  w h e t h e r  t h e  d e r i v e d  c o e f f i c i e n t s  a r e  
d i f f e r e n t  f r o m z e r o .  Note  a l s o ,  t h a t  t h e  d e f i n i t i o n  o f  t h e  
d e p e n d e n t  v a r i a b l e  ( c o n s u m p t i o n  p e r  m o t o r  v e h i c l e . )  i s  f a r  
f r om a c c u r a t e .  D o m e s t i c  demand i s  d e f i n e d  as p r o d u c t i o n  
p l u s  i m p o r t s ,  mi nus  e x p o r t s ,  p l u s  o r  mi nus  t h e  change i n
*  E.  K i t c h e l l ,  p . 29.
s t o c k s ,  b u t  no a l l o w a n c e  i s  made f o r  t h e  f a c t  t h a t  t h i s  
s e r i e s  i n c l u d e s  a v i a t i o n  g a s o l i n e .  On t h e  g r oun ds  t h a t  
' a v i a t i o n  g a s o l i n e  i s  u s u a l l y  l e s s  t ha n  o n e - e l e v e n t h  o f  
t h e  d o m e s t i c  c o n s u m p t i o n  o f  m o t o r  f u e l ,  d o m e s t i c  demand 
f o r  m o t o r  f u e l  i s  assumed to  he d e t e r m i n e d  by t h e  a u t o ­
m o t i v e  d e m a n d ' * .  • M o r e o v e r ,  t h e  number o f  m o t o r  v e h i c l e s  
i n  use i s  a p p r o x i m a t e d  by t h e  sum o f  p a s s e n g e r  c a r s ,  t a x i s ,  
m o t o r  t r u c k s  and b u se s ,  r e g i s t e r e d  d u r i n g  a c e r t a i n  p e r i o d ;  
b u t  'even t h ou gh  a bus o r  a m o t o r  t r u c k  consumes much more 
g a s o l i n e  t ha n  a p a s s e n g e r ‘ c a r ' * ^  no a d j u s t m e n t  was made 
f o r  t h i s .  F i n a l l y ,  a r e g r e s s i o n  o f  c o n s u m p t i o n  ( x ^ )  on ,  
among o t h e r  v a r i a b l e s ,  t h e  t r e n d  v a l u e s  o f  t h e  c o n s u m p t i o n  
s e r i e s  ( T x ^ ) ,  seems t o  he an a t t e m p t  to  e x p l a i n  v a r i a t i o n s  
i n  t h e  d e p e n de n t  v a r i a b l e  i n  t e r ms  o f  t h e  d e pe n d e n t  
v a r i a b l e  i t s e l f ,  w h i c h  i s  c l e a r l y  an i n c o n s i s t e n c y .
*  E . K i t c h e l l ,  p . 18
* *  E. K i t c h e l l ,  p . 18
3 . 4  Canqe los . i  S t u d y *
G a n g e l o s i  c o n s i d e r s  t he  demand f o r  g a s o l i n e  i n  f o u r  
s t a t e s  -  M on ta na ,  N o r t h  D a k o t a ,  C o l o r a d o ,  and W a s h i ng t o n  
as w e l l  as USA as a w ho l e  -  f o r  t h e  p e r i o d  1 946 -1 959  i n  
an a t t e m p t  t o  p r o v i d e  a f ra me wo r k  f o r  f o r e c a s t i n g  p u r p o s e s .  
Thus s i m p l e  t i m e  t r e n d  and r e g r e s s i o n  a n a l y s i s  a r e  used and 
p r o j e c t i o n s  a re  made on t he  b a s i s  o f  t h e  p a r a m e t e r  e s t i m a t e s  
o b t a i n e d  f rom t h e  sample  p e r i o d .
There  i s  no need t o  e l a b o r a t e  on t h e  f i r s t  method 
e mp lo ye d .  The a u t h o r  h i m s e l f  a d m i t s  t h a t  " w i t h i n  a l i m i t e d  
t i m e  p e r i o d  a r e c o g n i z a b l e  t r e n d  may e x i s t ,  b u t  i t  i s  h a r d l y  
p o s s i b l e  f o r  any s o c i o l o g i c a l  o r  economi c  d a t a  t o  move 
i n f i n i t e l y  i n  t h e  same d i r e c t i o n  a t  t h e  same r a t e " * * .
The way he uses r e g r e s s i o n  m e th o d s ,  h o we v e r ,  d e s e r v e s  
some s c r u t i n y .  F i r s t  t h e  f a c t o r s  t o  be c o n s i d e r e d  a r e  
chosen a c c o r d i n g  t o  two c r i t e r i a :
1.  A r e l a t i v e l y  h i g h  d e gr e e  o f  c o r r e l a t i o n  be tween t h e  
d e p e n de n t  and each o f  t h e  e x p l a n a t o r y  v a r i a b l e s ,  and
2.  E a s i e r  p r e d i c t a b i l i t y  o f  t h e  e x p l a n a t o r y  t h a n  t h e  
d e p e n de n t  v a r i a b l e .
Some o f  t h e  s e l e c t e d  e x p l a n a t o r y  f a c t o r s  a r e ;  m o t o r  
v e h i c l e  r e g i s t r a t i o n ,  a u t o m o b i l e s  p e r  p e r s o n ,  t r a v e l  by
*  A/. G a n g e l o s i :  ' A S t a t i s t i c a l  Method o f  F o r e c a s t i n g
G a s o l i n e  Consumpt i on  a t  t h e  S t a t e  L e v e l ' ,  u n p u b l i s h e d  
Ph .D .  T h e s i s ,  U n i v e r s i t y  o f  A r k a n s a s ,  1961 .
* *  Op. c i t .  p . 57.
m o t o r - t r u c k s  i n  v e h i c l e  -  m i l e s  and t r a v e l  by a l l  v e h i c l e s ,  
p e r s o n s  p e r  a u t o m o b i l e .  F e d e r a l  Highway A i d  and t h e  a v e r ag e  
p r i c e  o f  g a s o l i n e  p e r  g a l l o n .  Each o f  t h e  above m e n t i o n e d ,  
f a c t o r s  i s  i n  t u r n  t e s t e d  and t h e  r e l e v a n t  c o r r e l a t i o n  
c o e f f i c i e n t  i s  c a l c u l a t e d .  T e s t s  c o n c e r n i n g  t h e  s t a t i s t i c a l  
s i g n i f i c a n c e  o f  t h e  p a r a m e t e r s  o r  t h e  e x i s t e n c e  o f  a u t o ­
c o r r e l a t i o n  a re  c o m p l e t e l y  i g n o r e d .  A p a r t  f r om t h e s e  s h o r t ­
c o m in g s ,  h o we v er ,  one wonders  why f a c t o r s  such as " M o t o r  
v e h i c l e  r e g i s t r a t i o n " ,  " F e d e r a l  Highway A i d " ,  e t c . , a re  
c o n s i d e r e d  as "more p r e d i c t a b l e "  t ha n  g a s o l i n e  c o n s u m p t i o n .  
C l e a r l y ,  such an a s s u m p t i o n  i s  v e r y  u n r e a l i s t i c .  I t  i s  
a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  p r i c e  i s  r e j e c t e d  a s . a  
v a r i a b l e  w h i c h  i s  l i k e l y  t o  a f f e c t  t o t a l  demand on t h e  
g r oun ds  t h a t  " b o t h  money and r e a l  p r i c e ,  o f  g a s o l i n e  p e r  
g a l l o n  gave a h i g h  and p o s i t i v e  R" .  A g a i n ,  th i s  c o n c l u s i o n  
i s  r ea c he d  by s e p a r a t e l y  c o r r e l a t i n g  t o t a l  q u a n t i t y  o f  
g a s o l i n e  w i t h  money p r i c e  and t he n  w i t h  r e a l  p r i c e .  When 
he c o n s i d e r s  t o t a l  demand as a m u l t i v a r i a t e  r e l a t i o n s h i p  
f u r t h e r  t r o u b l e  a r i s e s . Now e l e v e n  e x p l a n a t o r y  v a r i a b l e s  
a r e  t e s t e d  s i m u l t a n e o u s l y  a g a i n s t  q u a n t i t y  demanded.  
N a t u r a l l y  one wou l d  n o t  e x p e c t  t o  o b t a i n  s a t i s f a c t o r y  
e s t i m a t e s  w i t h  o n l y l  ( l )  d e g r e e  o f  f re ed om ( t h a t  i s  13 
o b s e r v a t i o n s  and 12 v a r i a b l e s  i n c l u d i n g  t h e  c o n s t a n t  t e r m ) .  
I n d e e d ,  t h i s  i s  t h e  c a s e .  The s i g n s  o f  t h e  c o e f f i c i e n t s  
a r e  d i f f e r e n t  f o r  d i f f e r e n t  s t a t e s .  As an e x a mp le ,  we 
m e n t i o n  r e a l  p e r s o n a l  i ncome w h i c h  was f o u n d  t o  have a 
p o s i t i v e  e f f e c t  i n  t h e  cases  o f  Montana and C o l o r a d o  and a 
n e g a t i v e  e f f e c t  f o r  W a s h i n g t o n ,  N o r t h  Dako t a  and U . S . A .  as 
a . w h o l e .  The same happens w i t h  a l m o s t  a l l  c o e f f i c i e n t s .
A p r o b a b l e  e x p l a n a t i o n  c o u l d  be t h a t  most  o f  them a re  
s t a t i s t i c a l l y  e q u a l  t o  ze r o  and t h e r e f o r e  t h e i r  s i g n  i s  
n o t  o f  any i m p o r t a n c e .  T h i s  c a n n o t  he examined tho ug h  
s i n c e  t h e  a u t h o r  does n o t  r e p o r t  t h e  s t a n d a r d  e r r o r s  
a s s o c i a t e d  w i t h  t h e  c o e f f i c i e n t s .  I n s t e a d  he r e p o r t s  
t h a t  t h e  c o e f f i c i e n t s  o f  m u l t i p l e  c o r r e l a t i o n  r an ge  between 
.9978 ( N o r t h  D a k o t a )  and .999  ( W a s h i n g t o n  and U . S . A . ) .  
N e v e r t h e l e s s ,  he p o i n t s  o u t  t h a t  " u n d e r  any c i r c u m s t a n c e s  
t h e s e  c o e f f i c i e n t s  may seem to  i n d i c a t e  v e r y  h i g h  d e g r e e  
o f  c o r r e l a t i o n ,  b u t  t h e r e  a r e  too  few d eg re e s  o f  f r ee dom 
r e l a t i v e  t o  t h e  number o f  o b s e r v a t i o n s  t o  a t t a c h  much 
s i g n i f i c a n c e  t o  t h e  c o e f f i c i e n t s " * .  U n f o r t u n a t e l y ,  a 
s i m i l a r  c o n c l u s i o n  seems to be v a l i d  f o r  t h e  s t u d y  as a 
w h o l e •
3 . 5  Broome S t u d y * *
The p u r p o s e  o f  Br oo me ' s  s t u d y  i s  t h e  s t a t i s t i c a l  
i n v e s t i g a t i o n  o f  t h e  e l a s t i c i t i e s  o f  demand f o r  g a s o l i n e  
i n  Alabama.  The v a r i a b l e s  s e l e c t e d  f o r  i n c l u s i o n  i n  t h e  
demand f u n c t i o n  w e re :
1.  The p e r  c a p i t a  c o n s u m p t i o n  o f  g a s o l i n e ;
2.  The p r i c e  o f  g a s o l i n e  a t  B i r mi ng ham ( a r i t h m e t i c  
a v e r a g e  o f  t h e  r e t a i l  p r i c e  o f  r e g u l a r ,  g ra de  a t  
Texaco s t a t i o n s  on t h e  f i r s t  o f  each m o n t h ) ;
3.  The change i n  t h e  g e n e r a l  p r i c e  l e v e l ;
* V . G a n g e l o s i ,  op .  c i t . ,  p . 155 
* *  C,. Broome,  op .  c i t .
4.  The p e r  c a p i t a  p e r s o n a l  i ncome i n  Alabama;  and
5.  T i me,  a c a t c h - a l l  f o r  t h o s e  f a c t o r s  w h i c h  c a n n o t
c o n v e n i e n t l y  be measured s e p a r a t e l y  b u t  w h i c h  change 
more o r  l e s s  s l o w l y  and s m o o t h l y .
D e f l a t i o n  o f  v a r i a b l e s  2 and 4 by 3 l e a d s  to  t h e  f i n a l
r e l a t i o n s h i p ;  . ,
= F(%2 '  X3 '  " 4^  ( 3 ' S '
where and X^ r e p r e s e n t  p e r  c a p i t a  c o n s u m p t i o n  and t i m e  
r e s p e c t i v e l y  and
Xg = t h e  r e a l  p r i c e  o f  g a s o l i n e ,
X3 = t h e  r e a l  p e r  c a p i t a  p e r s o n a l  i ncome i n  A l abama.  
The e s t i m a t e d  e q u a t i o n  i s  as f o l l o w s ;  >.
LogX, = - . 5 7  -O.OGlogXg t  .SOlogXg + . 25 1 og X^  ( 3 . 5 . 2 )
( . 2 0 )  ( . 8 0 )  ( . 0 0 3 )
As can be seen f r om t h e  s t a n d a r d  e r r o r s  q u o t e d ,  t i m e  i s  
t h e  o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  v a r i a b l e  t e s t e d .  Income 
i s  s i g n i f i c a n t  a t  t h e  30% l e v e l  and p r i c e  i s  s t a t i s t i c a l l y  
e q u a l  t o  z e r o .
On t h e  b a s i s  o f  g e n e r a l l y . a c c e p t e d  s t a t i s t i c a l  c r i t e r i a ,  
t h e  c o n c l u s i o n  t h u s  emerges t h a t  p e r  c a p i t a  c o n s u m p t i o n  o f  
g a s o l i n e  may he c o n s i d e r e d  as a f u n c t i o n  o f  t i m e  o n l y ;  h u t  
such a C o n c l u s i o n  i s  o f  v e r y  l i m i t e d  p r a c t i c a l  i m p o r t a n c e .
Fo r  t h e  g a s o l i n e  i n d u s t r y  o r  t h e  g o v e r nm e n t  p o l i c y  makers  
i t  wou l d  he u s e f u l  t o  have even an i m p e r f e c t  i n d i c a t i o n  of. 
how consumers r e a c t  t o  changes i n  i m p o r t a n t  e co no mi c  
m a g n i t u d e s ,  so as t o  be a b l e  t o  f o r m u l a t e  t h e i r  s t r a t e g i e s
a c c o r d i n g l y *  C l e a r l y ,  t h i s  s t u d y  does n o t  o f f e r  t h i s  
o p p o r t u n i t y ,  s i n c e  t h e  a u t h o r  d i d  n o t  make any f u r t h e r  
a t t e m p t  t o  i m p r o v e  h i s  r e s u l t s  hy c o n s i d e r i n g  a l t e r n a t i v e  
f o r m u l a t i o n s  o f  h i s  g a s o l i n e  demand m o de l .
. On t h e  o t h e r  hand i f  one a c c e p t s  t h a t  " t h e  use o f  a 
t r e n d  i n  c o r r e l a t i o n  a n a l y s i s  c o n s t i t u t e s  a c o n f e s s i o n  o f  
i g n o r a n c e  o f  f u n d a m e n t a l  f a c t o r s  i n v o l v e d " * ,  one m i g h t  
c o n c l u d e ,  p e r h a ps  w i t h  some e x a g g e r a t i o n ,  t h a t  t h i s  
i g n o r a n c e  i s  t h e  o n l y . s i g n i f i c a n t  f e a t u r e  o f  t h e  s t u d y .
3 . 6  H o u t h a k k e r  and T a y l o r  ( H . T . )  S t u d y * *
H o u t h a k k e r  and T a y l o r  i n  an e c o n o m e t r i c  s t u d y  d e s i g n e d  
f o r  p r o j e c t i n g  a l l  i t e m s  o f  U n i t e d  S t a t e s '  consumer  
e x p e n d i t u r e  i n t o  t h e  f u t u r e ,  e s t i m a t e d  t h e  demand f o r  
g a s o l i n e  and l u b r i c a t i n g  o i l .  They used a d ynami c  " s t a t e -  
a d j u s t m e n t "  m o d e l * * * ,  t h e  u n d e r l y i n g  a s s u m p t i o n  o f  w h i c h  
i s  t h a t  " c u r r e n t  d e c i s i o n s  a r e  i n f l u e n c e d  by p a s t  b e h a v i o u r " .
*  • C . F .  Roos:  ' D y na mi c  E c o no mi c s :  T h e o r e t i c a l  and
S t a t i s t i c a l  S t u d i e s  o f  Demand, P r o d u c t i o n  and P r i c e s ' ,  
Monographs o f  t he  Cowles Commiss ion  f o r  R es earc h  i n  
Ec on omi cs ,  No. 1,  B l o o m i n g t o n  I n c . ,  P r i n c i p i a  P r e s s ,  I n c . ,  
1934,  e s p e c i a l l y  p . p .  29-30  and 2 4 6 - 5 0 .
* *  U.S .  H o u t h a k k e r  and L . D .  T a y l o r :  'Consumer  Demand i n
t h e  U . S . A . ;  A n a l y s e s  and P r o j e c t i o n s ' ,  H a r v a r d  U n i v e r s i t y  
P r e s s ,  1970^ second e d i t i o n ,  p . 112.
* * *  S t o c k  a d j u s t m e n t  f o r  d u r a b l e s  and h a b i t  f o r m a t i o n  f o r
n o n - d u r a b l e s .  The o n l y  d i f f e r e n c e  i s  i n  t h e  s i g n  o f  t he  
p a r a m e t e r  r e l a t i n g  s t o c k  and c u r r e n t  p u r c h a s e s ,  b e i n g  
n e g a t i v e  f o r  d u r ahi  ; s and p o s i t i v e  f o r  n o n - d u r a h l e s .
The c u r r e n t  v a l u e s  o f  t h e  s o - c a l l e d  " s t a t e  v a r i a b l e s ”
( e . g .  p h y s i c a l  o r  h a b i t  s t o c k s )  r e p r e s e n t  t h e  e f f e c t  o f  p a s t  
b e h a v i o u r .  These " s t a t e  v a r i a b l e s "  a r e  i n  t u r n  changed by 
c u r r e n t  d e c i s i o n s  and t h e  n e t  r e s u l t  i s  t h a t  o f  a " d i s t r i b u t e d  
l a g " .  I n  o t h e r  w o r d s ,  c u r r e n t  b e h a v i o u r  ( e x p r e s s e d  by t h e  
e x p e c t e d  v a l u e  o f  t h e  d e p e n de n t  v a r i a b l e  i n  p e r i o d  t )  
depends on a l l  p a s t  v a l u e s  o f  t he  p r e d e t e r m i n e d  v a r i a b l e s .
The r e g r e s s i o n  e q u a t i o n  f o r  g a s o l i n e  and l u b r i c a t i n g  
o i l ,  s e l e c t e d  f rom s e v e r a l  e s t i m a t e d  e q u a t i o n s ,  i s  as 
f o l l o w s  :
q^ = . 8 9 1 3q ^_ ^  + . D l B S x ^  + . 0 0 4 6 x ^ _ ^  -  1 . 4 4 3 5 d ^  ( 3 . 6 . 1 )
where q.^ and x^  r e p r e s e n t  q u a n t i t y  and c o n s u m e r ' s  r e a l  
p e r s o n a l  e x p e n d i t u r e  ( i n s t e a d  o f  d i s p o s a b l e  i n c o m e )  p e r  
c a p i t a ,  r e s p e c t i v e l y .  The p r i c e  v a r i a b l e  was e l i m i n a t e d  
s i n c e  i t s  c o e f f i c i e n t  p r o v e d  t o  be s t a t i s t i c a l l y  i n s i g n i f i c a n t .  
A dummy v a r i a b l e  i s  u s e d ,  d e n o t e d  by d ^ ,  t o  c a p t u r e  t h e  
a p p a r e n t  upward s h i f t  o f  t h e  f u n c t i o n  i n  t h e  p o s t - w a r  
p e r i o d .  The s took  o f  v e h i c l e s  i s  i m p l i c i t  i n ,  t h e  above 
e q u a t i o n  h a v i n g  been e l i m i n a t e d  by a p p r o p r i a t e  m a t h e ­
m a t i c a l  m a n i p u l a t i o n s .  H o u t h a k k e r  and T a y l o r ' s  work  can 
o n l y  be t r e a t e d  as an a t t e m p t  t o  e s t a b l i s h  new t h e o r e t i c a l  
f o u n d a t i o n s  a p p l i c a b l e  to  t h e  demand f o r  b o t h  d u r a b l e s  
and n o n - d u r a b l e s .  T h i s  i s  a c h i e v e d  a t  t h e  expense o f  a 
more d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  c o m m o d i t i e s  c o n c e r n e d .  
P r i c e s ,  f o r  e x am pl e ,  o t h e r  t han  own p r i c e ,  a re  n o t  c o n ­
s i d e r e d .  Thus a d i r e c t  c o m p a r i s o n  between t h i s  wor k  and 
o t h e r  d e t a i l e d  s t u d i e s  oT g a s o l i n e  seems t o  be i n a p p r o p r i a t e .
3 ,7  n ' R i o r d a n  S t u d y *
■ The p u r p o s e  o f  t h i s  s t u d y  i s  t o  e s t i m a t e  t h e  p r i c e  
e l a s t i c i t y  o f  demand f o r  p e t r o l  i n  I r e l a n d ,  where t he  
p r o d u c t  i s  one o f  t h e  main s o u r c e s  o f  i n d i r e c t  t a x  r e v e n u e ,  
D ' R i O r d a n  uses a number o f  f a c t o r s  a p a r t  f rom t h e  p r i c e  o f  
p e t r o l  t o  e x p l a i n  demand v a r i a t i o n s .
The use o f  a s i n g l e  o r  a m u l t i  e q u a t i o n  sys tem i s  t h e  
f i r s t  c o n s i d e r a t i o n . T r a d i t i o n a l  economi c  t h e o r y  d i c t a t e s  
t h a t  t h e  demand f o r  a p r o d u c t  s h o u l d  be i n v e s t i g a t e d  
t h r o u g h  a sys tem o f  demand and s u p p l y  e q u a t i o n s  where 
q u a n t i t y  and p r i c e  ap pe ar  as endogenous v a r i a b l e s  ( d e t e r m i n e d  
w i t h i n  t h e  s y s t e m ) .  T h i s ,  a c c o r d i n g  t o  t h e  a u t h o r ,  i s  n o t  
a r e a l i s t i c  r e p r e s e n t a t i o n  o f  t h e  p e t r o l  m a r k e t .
" A b o u t  t h r e e  q u a r t e r s  o f  t h e  m a r k e t  p r i c e  
o f  p e t r o l  i s  e x c i s e  d u t y  and, most  p r i c e  
changes a r e  due t o  changes i n  t a x .  Thus 
i t  does n o t  seem r e a s o n a b l e  t o  r e g a r d  p r i c e  
as a n y t h i n g  b u t  a v a r i a b l e  w h i c h  i s  
' d e t e r m i n e d  o u t s i d e  t h e  s y s t e m . "
The e n d o g e n e i t y  o f  t h e  o t h e r  v a r i a b l e s  i s  n o t  d i s c u s s e d  
and t h u s  t h e  above a r gume nt  l e a d s  to  t h e  c o n s t r u c t i o n  o f  
a s i n g l e  e q u a t i o n  model  w h i c h  amounts t o  a ssumi ng  t h a t  
s e l l e r s  t r y  t o  m a x i m i s e  t h e  q u a n t i t y  s o l d  a t  any g iven,  
p r i c e .  S h i f t s ,  t h e r e f o r e ,  i n  t h e  h o r i z o n t a l  s u p p l y  c u r v e  
i d e n t i f y  t h e  demand c u r v e .  The a u t h o r  s e l e c t s  w i t h  some 
c a r e  t h e  v a r i a b l e s  w h i c h  a r e  l i k e l y  t o  cause v a r i a t i o n s  
i n  p e t r o l  d e m a n d . ,
*  U .K .  O ' R i o r d a n :  ' Tne  E l a s t i c i t y  o f  Demand f o r  P e t r o l  i n
I r e l a n d ' ,  Economic & S o c i a l  R ev i ew ,  A p r i l  1 9 72 ,  p , p . 4 7 5 - 8 5 .
They a r e  :
Real  i ncome i n  t h e  commun i ty  ( Y = GNP a t  1958 p r i c e s )  whose 
i n f l u e n c e  i s  e x p e c t e d  t o  b e . q u i t e  s t r o n g ,  g i v e n  t h e  s u b ­
s t a n t i a l  changes i n  i t s  l e v e l .
The s t o c k  o f  v e h i c l e s  (C = number o f  c a r s  r e g i s t e r e d  i n  
A u g us t  o f  t h e  y e a r  i n  q u e s t i o n ) ,  as r e p r e s e n t i n g  t h e  
i n f l u e n c e  o f  v a r i a b l e s  r e l a t i n g  t o  t h e  d e c i s i o n  t o  buy a 
c a r ,  such as v e h i c l e  p r i c e s ,  i n s u r a n c e ,  and o t h e r  f i x e d  
c o s t s .
As to  t h e  t h i r d  v a r i a b l e ,  t h a t  i s  t h e  p r i c e  o f  p e t r o l ,
two v e r s i o n s  a re  t r i e d :  P ( i n d e x  o f  a c t u a l  p r i c e  o f
p e t r o l )  and P (= P f  Consumer P r i c e  I n d e x ) .  T h i s  i s  r  a- ■
because i t  i s  n o t  o b v i o u s  w h e t h e r  consumers a r e  f r e e  o f  
money i l l u s i o n ,  p a r t i c u l a r l y  i n  t h e  case o f  p e t r o l ,  s i n c e
" mos t  p e o p l e  b e l i e v e  t h a t  p e t r o l  p r i c e  has 
r i s e n  f a s t e r  t ha n  t h e  g e n e r a l  l e v e l  o f  
p r i c e s  i n  t h e  l a s t  few y e a r s ,  b u t  t h e  
v a r i a b l e  P shows t h a t  t h e  r e v e r s e  i s  
t h e  c a s e " .
A r e l a t i v e  p r i c e  i n d e x  o f  p u b l i c  t r a n s p o r t  ( P^ )  i n c l u d e d  
as w e l l ,  t o  a l l o w  f o r  t h e  i n f l u e n c e  o f  s u b s t i t u t e s .
"The f i n a l  f a c t o r  a f f e c t i n g  t h e  demand 
f o r  p e t r o l  i s  t h e  change f rom p e t r o l  
t o  d i e s e l  as a f u e l  f o r  c o m m e r c i a l  
v e h i c l e s " .
T h i s  v a r i a b l e  c a l l e d  t he  " d i é s é l i s a t i o n  f a c t o r "  (D)  p l a y s  
an i m p o r t a n t  r o l e  i n  t he  a n a l y s i s  and d e s e r v e s  some d e t a i l e d  
d i s c u s s i o n .  I t s  c o n s t r u c t i o n  i s  based on t he  s t u d y  o f  t h e
sample  o b s e r v a t i o n s  wh ic h  shows s t a b i l i t y  o f  t h e  r a t i o  o f  
a n nu a l  c o n s u m p t i o n  o f  d i e s e l  t o  a n n u a l  c o n s u m p t i o n  o f  
p e t r o l  a t  a b o u t  . 25  t o  1 f r om 1962 on wa rd .
However ,  some c o r r e c t i o n  i s  n e c e s s a r y  t o  t h e  f i r s t  
h a l f  o f  t h e  p e r i o d  s t u d i e d  ( 1 9 5 3 - 1 9 6 9 )  because t h i s  r a t i o  
was n o t  c o n s t a n t .  The c o r r e c t i o n  i s  a c h i e v e d  as f o l l o w s :  
D e f i n e
Q = Q + D ( 3 . 7 . 1 )  where Q i s  t o t a l ,  Q c o m m e r c i a l  and c P c
Tj p r i v a t e  demand f o r  p e t r o l *
'  :
Qj  as d i e s e l  used ( a l l  c o m m e r c i a l ) ;  and
R as a c o n s t a n t  r e p r e s e n t i n g  t h e  p e t r o l /
d i e s e l  c o n s u m p t i o n  s u b s t i t u t i o n  r a t i o  
i n  n o rm a l  r o a d - h a u l a g e .
Now, Q -and a re  o b s e r v a b l e  b u t  Q and ,R a r e  n o t .
Thus,  G ' R i o r d a n  assumes t h a t :
T o t a l  Commerc i a l  Consumpt i on  o f  m o t o r  f u e l  
= . 25  X P r i v a t e  Consumpt i on  o f  m o t o r  f u e l  ( 3 . 7 . 2 )
t h a t  i s .
q .  + i  = . 25  Q ( 3 . 7 . 3 )
■ R  ^  P
A d d in g  .25  Q t o  b o t h  s i d e s ,  ( 3 . 7 . 3 )  becomesc
Q . + 1  Q + .25  = .25  Q ( 3 . 7 . 4 )
R T
S o l v i n g  f o r  Q one o b t a i n s. ■ ■ . . c
= 1 ( . 2 5  Q -  Q . )  =  R ' ( . 2 5  Q -  Q . )  ( 3 . 7 . 5 )
. 1 + .25  « a
Thus,  becomes a f u n c t i o n  o f  R and t h e  o b s e r v e d  Q and 
Q^. S u b s t i t u t i n g  back i n t o  ( 3 . 7 . 1 ) ,  one o b t a i n s :
Q = Op + R ' ( . 2 5  Q -  Q^) 
o r  Q = Q + R'D ( 3 . 7 . 6 )
I n  t h i s  way t o t a l  demand f o r  p e t r o l  becomes a 
f u n c t i o n  o f  t h e  v a r i a b l e s  m e n t i o n e d  b e f o r e .  However ,  t h i s  
i s  a c h i e v e d  on t h e  b a s i s  o f  a v e r y  s t r o n g  and a r b i t r a r y  
a s s u m p t i o n  s t a t i n g  t h a t  t o t a l  c o m m e r c i a l  c o n s u m p t i o n  o f  
m o t o r  f u e l  i s  e q ua l  to  25% o f  t h e  c o r r e s p o n d i n g  m o t o r  f u e l  
c o n s u m p t i o n  ( e q u a t i o n  3 . 7 . 2 ) .
The f u n c t i o n a l  f o rm s e l e c t e d  f o r  t h e  e s t i m a t i o n  o f  t h e  
p a r a m e t e r s  i s  as f o l l o w s :
l o g ( Q - k )  = l o g b ^  + b ^ l o g Y  + b ^ l o gP  + b ^ l o gC  + b ^ l o g D  +
b g l o g P ^  + l o g u  ' ( 3 . 7 . 7 )
The c o n s t a n t  k i s  i n c l u d e d  so t h a t  t h e  " b e s t "  e s t i m a t e s  
a r e ’ o b t a i n e d  as a p r o d u c t  o f  a t r i a l  and e r r o r  p r o c e s s ,  
O ' R i o r d a n  f u r t h e r  assumes t h a t  t h e  r e s u l t s  a r e  s a t i s f a c t o r y  
when t he  d e p e n d e n t  v a r i a b l e  i s  t r a n s f o r m e d  as (Q -  60)  i n  
t h e  case o f  P^ and (Q -  35)  i n  t h e  case o f  P^ .
The e s t i m a t e d  e q u a t i o n s  a r e :
1 .  U s i n q  a c t u a l  p r i c e  (P_.)
'
(Q-6G) = - 4 . 8 6 9  + 2 .5 41 51 og Y’ -  1 .69131ogP_  + 1 . 8 3 0 B l o g C  +
( 6 . 8 8 )  ( - 7 . 5 7 )  ( 9 . 4 8 )
.06491ogD -  .70111ogP^  ( 3 . 7 . 8 )
( 2 . 1 1 )  ( - 2 . 6 9 )
R^ = .9991
2• U s i n g  r e l a t i v e  p r i c e  ( P . )r  ,
( q - 3 5 )  = - 1 . 4 0 8 6 +  l . g e O l l o g Y  -  1 . 2 37 31 og P^  + .5471oqC +
(9 .3  2)  ( - 6 . 3 8 )  ( 5 . 9 9 )
.03761ogD -  . S f i l o g P ^  ( 3 . 7 . 9 )
( 2 . 2 8 )  ( - 2 . 9 5 )
= .99914 .
The p r i c e  e l a s t i c i t y  c o e f f i c i e n t  i s  where t h e  a u t h o r ' s  
i n t e r e s t  i s  c o n c e n t r a t e d .  Thus i t s  m a g n i t u d e  makes him 
s u g g e s t  t h a t  :
" i t  i s  q u i t e  u s e l e s s  t o  r a i s e  t h e  r a t e  
o f  t a x  on p e t r o l  i f  t h e  p u r p o s e  i s  . to 
: g a t h e r  more r e v e n u e " .
O' R i o r d a n ' s  s u g g e s t i o n ,  w h i ch  seems to  be f a l s e ,  can be 
a t t r i b u t e d  t o  s e v e r a l  s h o r t c o m i n g s  o f  t h e  s t u d y .
The p r i c e  e l a s t i c i t i e s  q u o t e d  seem to  be v e r y  h i g h .  
N o n - a v a i l a b i l i t y  o f  s u b s t i t u t e  f u e l s  ( f o r  t he  l a r g e s t  p a r t  
o f  t h e  v e h i c l e  p o p u l a t i o n )  as w e l l  as t h e  f a c t  t h a t  p e t r o l  
e x p e n d i t u r e  i s  o n l y  one p a r t  o f  t h e  t o t a l  c o s t  o f  m o t o r i n g  
wou l d  s u g g e s t  a much l o w e r  p r i c e  e l a s t i c i t y .  .
The t r a n s f o r m a t i o n  o f  t h e . d e p e n d e n t  v a r i a b l e  by u s i n g  
a c o n s t a n t ,  t h e  v a l u e  o f  wh ic h  i s  s e l e c t e d  a f t e r  a t r i a l
and e r r o r  p r o c e s s ,  seems to  be q u i t e  a r b i t r a r y .
The s i g n  o f  t h e  " p r i c e  o f  p u b l i c  t r a n s p o r t "  v a r i a b l e  
a p pe ar s  to  be i n c o r r e c t .  Oh a p r i o r i  economi c  g r o u n d s  one 
w ou l d  e x p e c t  a p o s i t i v e  s i g n  g i v e n  t h a t  p r i v a t e  and p u b l i c  
t r a n s p o r t ,  as a l t e r n a t i v e  ways o f  s a t i s f y i n g  t h e  same need ,  
can be c o n s i d e r e d  as s u b s t i t u t e s .  _
F i n a l l y ,  one may r a i s e  some d o u b t s  a b o u t  t h e  t r e a t m e n t  
o f  t h e  d i é s é l i s a t i o n  f a c t o r .  I n  t h e  submodel  c o n s t r u c t e d ,  
R'D r e p r e s e n t s  an a p p r o x i m a t i o n  f o r  t h e  d e c l i n i n g  c o m m e r c i a l  
demand f o r  p e t r o l .  D i s  a f u n c t i o n  o f  Q and Q^, b u t  R' i s
an unknown c o n s t a n t  w h i c h  has t o  be e s t i m a t e d  i f  R'D i s  t o
be i n c l u d e d  i n  t h e  r e g r e s s i o n .  I f  R' were known,  R'D c o u l d  
be s u b t r a c t e d  f rom Q and t hus  a r e g r e s s i o n  e q u a t i o n
e x p l a i n i n g  v a r i a t i o n s  i n  p r i v a t e  demand c o u l d  be u s ed ;  b u t  
t h e  a u t h o r  i n c l u d e s  D on t h e  r i g h t  hand s i d e  o f  t h e  m u l t i ­
p l i c a t i v e  model  as an e x p l a n a t o r y  v a r i a b l e .  M o r e o v e r ,  as 
can be seen f rom t h e  d a t a  a p p e n d i x ,  D t a k e s  t he  v a l u e  ze ro  
a f t e r  1962 and t h e r e f o r e  a model  such as t h e  p r o p o s e d  one 
c a n n o t  be used s i n c e  t h e  l o g a r i t h m s  o f  D c a n n o t  be computed 
f o r  t h e  second h a l f  o f  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n .
I t  Seems, t h e r e f o r e ,  t h a t  because o f  t h e s e  d rawbacks
such a model  i s  u n l i k e l y  to  be u s e f u l  f o r  p o l i c y  p u r p o s e s .
3 . 8  3 .  Ramsey, R. Rasche,  and B. A l l  en ( R . R. A . )  S t u d y *
I n  t h i s  s t u d y ,  t he  demand s i d e  o f  t h e  t o t a l  U . S . A .
g a s o l i n e  m a r k e t  i s  c o n s i d e r e d .  N e v e r t h e l e s s ,  t h e  a u t h o r s  
f i n d  i t  n e c e s s a r y  t o  s p e c i f y  a s i m u l t a n e o u s  d e m a n d - s u p p l y  
model  f o r  i d e n t i f i c a t i o n  p u r p o s e s .  T o t a l  demand i s  s p l i t  
i n t o  p r i v a t e  ( p ^ )  and c o m m e r c i a l  ( p ^ J .  I n  t h e  p r i v a t e  
m a r k e t ,  v a r i a t i o n s  i n  t h e  q u a n t i t y  demanded p e r  h o u s e h o l d  
a r e  e x p l a i n e d  i n  te rms  o f  v a r i a t i o n s  i n  r e a l  d i s p o s a b l e  
income p e r  h o u s e h o l d  ( y )  and changes i n  t h e  p r o p o r t i o n  o f  
t h e  16 - 24  age group  i n  t h e  p o p u l a t i o n  ( t  ) .  T h i s  i s  
based on t h e , l i f e - c y c l e  c o n s u m p t i o n  h y p o t h e s i s .  P r i c e  
o f  g a s o l i n e  a ppe ar s  as an endogenous v a r i a b l e .  P a s s e n g e r  
t r a i n s  ( r a i l  commuter  l i n e s )  were c o n s i d e r e d  as t h e  
a l t e r n a t i v e  mode o f  t r a n s p o r t  ( P ^ ) *  . Commer c i a l  demand.
*  3 .  Ramsey,  R. Rasche and B. A l l e n :  'An A n a l y s i s  o f  t h e
P r i v a t e  and Commerc i a l  Demand f o r  G a s o l i n e ' ,  The Review,  
o f  Economics  and S t a t i s t i c s ,  Volume V I I , November 1 974 ,  
No. 4,  p . p .  5 0 2 - 50 7 .
on t h e  o t h e r  hand,  i s  e x p l a i n e d  i n  t e rm s  o f  t h e  r e l a t i v e  
p r i c e s  o f  d i e s e l  f u e l  and g a s o l i n e  (P^ and P^^  r e s p e c t i v e l y )  
and an i n d e x  o f  t h e  t o t a l  demand f o r  a l l  t y p e s  o f  c a r r i e r s  
e x p r e s s e d  i n  terms,  o f  a n n u a l  t o n - m i l e s  ( f  ) .
The o v e r i d e n t i f i c a t i o n  o f  t he  two demand e q u a t i o n s  
r e q u i r e s  a s u i t a b l e  t e c h n i q u e ,  and two s t a g e  l e a s t  s q u a r e s  
(2SL5)  i s  s e l e c t e d  as s u c h .  The e q u a t i o n s  used f o r  e s t i ­
m a t i o n  t o o k  t h e  f o l l o w i n g  f o r m :
P r i v a t e  demand :
Qd = i )  Exp{ diPg + .
Co mm er c ia l . de ma n d:
{  GlPcg + 8 2 Pd + 6 3 ? : )  •
The s i g n s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  s a t i s f y  t h e  
u s u a l  a p r i o r i  economi c  c r i t e r i a ,  a p a r t  f r om t h e  s i g n  o f  5"^ 
w h i c h  i s  n o t  s p e c i f i e d .  As f o r  t h e  c a l c u l a t e d  e l a s t i c i t i e s ,  
t h e y  a r e  as f o l l o w s :
P r i  v a t e  demand :
The (mean) g a s o l i n e  p r i c e  e l a s t i c i t y  i s  e q u a l  t o  : - . 7 7 .
The (mean)  t r a i n  t r a v e l  p r i c e  e l a s t i c i t y  i s  e q u a l  t o  . 3 9 .
The (mean) age g roup  e l a s t i c i t y  i s  e q u a l  t o  - . 5 4 ;  and 
The (mean)  income e l a s t i c i t y  i s  e q u a l  t o  1 . 3 4 .
Commer c i a l  demand:
The (mean) g a s o l i n e  p r i c e  e l a s t i c i t y  i s  e q u a l  t o  - 3 . 8 .
The (mean) d i e s e l  f u e l ^ p r i c e  e l a s t i c i t y  i s  e q u a l  t o  3 . 4 .
The (mean) f ^  e l a s t i c i t y  i s  e q u a l  to  0 . 8 9 .
A number o f  comments can be marie w i t h  r e f e r e n c e  t o  
t h e  RRA s t u d y .  F i r s t ,  t h e  s t a t i c  n a t u r e  o f  t h e  model  
i m p l i e s  t h a t  e q u i l i b r i u m  i s  a c h i e v e d  w i t h i n  one y e a r .
The adequacy  o f  a s t a t i c  model  t o  r e p r e s e n t  t h e  d e c i s i o n ­
mak i ng  p r o c e s s  i n  m a r k e t s  such as g a s o l i n e  i s  q u e s t i o n a b l e :  
i t  seems p r e f e r a b l e  t o  use d ynami c  mode l s  when d e a l i n g  
w i t h  m a r k e t s  where t he  p r o d u c t  u n d e r  c o n s i d e r a t i o n  i s  
t e c h n o l o g i c a l l y  r e l a t e d  t o  o t h e r  e q u i p m e n t .  The absence 
o f  any a t t e m p t  i n  t h i s  d i r e c t i o n  i s  one o f  t h e  i m p o r t a n t  
s h o r t c o m i n g s  o f  t h e  s t u d y .  S e c o n d l y ,  t h e  r e s t r i c t i v e  
f o r m o f  t h e  f u n c t i o n  employed i m p l i e s  t h a t  t h e  r e l e v a n t  
e l a s t i c i t i e s  a r e  f u n c t i o n s  o f  t h e  c o r r e s p o n d i n g  v a r i a b l e s  
o n l y .  I n  f a c t  t h e  e l a s t i c i t i e s  a re  g i v e n  by t e r m s  o f  t h e  
f o r m ©p f o r  p r i c e  and - ^ y ~  f o r  i n c o m e * .
*  The d e r i v a t i o n  o f  e l a s t i c i t i e s  may be i l l u s t r a t e d  by 
t h e  f o l l o w i n g  e x a mp le :
C o n s i d e r  t h e  e x p o n e n t i a l  f u n c t i o n  
Q = A e x p ( r t ) 
o r  Q = A . e ^  
where A and r  a re  c o n s t a n t s .
D i f f e r e n t i a t i o n  o f  t h e  f u n c t i o n  w i t h  r e s p e c t  t o  t  w i l l  y i e l d
dq = A . r  . e ^ ^ ' 
d t
and t h e r e f o r e  t h e  c o r r e s p o n d i n g  e l a s t i c i t y  ( n ^ )  w i l l  be :
n: = dQ , t
*  d t  Q
= A . r  . . t
A . e ' t
= r t
w h i c h /
The model  c o n s t a n t l y  u n d e r p r e d i c t s *  g a s o l i n e  c o n s u m p t i o n  
when i t  i s  used f o r  t h e  y e a r s  1970 t o  1972,  p r o b a b l y  because 
o f  t h e  fo r m o f  t h e  f u n c t i o n .  T h i r d l y ,  an e x p l a n a t i o n  f o r  
n o t  s p e c i f y i n g  t h e  s i g n  o f  t h e  c o e f f i c i e n t  8 ^  i s  n o t  p r o v i d e d .  
The i n c l u s i o n  i n  t h e  r e l e v a n t  e q u a t i o n  o f  a v a r i a b l e  r e p ­
r e s e n t i n g  t h e  p r o p o r t i o n  o f  t h e  1 6 - 2 4  age g r oup  i n  t h e  
p o p u l a t i o n  i s  based on t h e  A n d o - M o d i g l i a n i  l i f e - c y c l e  c o n ­
s u m p t i o n  h y p o t h e s i s ,  a c c o r d i n g  t o  w h i c h  :
" t h e  t y p i c a l  i n d i v i d u a l  has an i ncome s t r e a m  
wh ic h  i s  r e l a t i v e l y  l ow  a t  t h e  b e g i n n i n g  and 
end o f  h i s  l i f e ,  when h i s  p r o d u c t i v i t y  i s  
l o w ,  and h i g h  d u r i n g  t h e  m i d d l e  o f  h i s  l i f e . . .  
on t h e  o t h e r  hand ,  t h e  i n d i v i d u a l  m i g h t  be 
e x p e c t e d  to  m a i n t a i n  a more o r  l e s s  c o n s t a n t  
o r  p e r h a p s  s l i g h t l y  i n c r e a s i n g  l e v e l  o f  
c o n s u m p t i o n  t h r o u g h o u t  h i s  l i f e .  The c o n s t r a i n t  
on t h i s  c o n s u m p t i o n  s t r e a m  i s  t h a t  t h e  p r e s e n t
w h i c h  s t a t e s  t h a t  f o r  t h i s  f o rm  o f  f u n c t i o n a l  r e l a t i o n s h i p s '  
t h e  p o i n t  e l a s t i c i t y  w i t h  r e s p e c t  t o  a c e r t a i n  v a r i a b l e  i s  
e q u a l  t o  t h e  p r o d u c t  o f  t h e  v a l u e  o f  t he  v a r i a b l e  a t  t h a t  
p o i n t  t i m e s  t h e  c o e f f i c i e n t  c o r r e s p o n d i n g  t o  t h a t  v a r i a b l e .  
See:  A.G.  C h i a n g :  ' F u n d a m e n t a l  Methods o f  M a t h e m a t i c a l
E c o n o m i c s ' ,  M c G r a w - H i l l  Kogakucha L t d . ,  To k yo ,  1967 ,  
c h a p t e r  10,  p . p .  2 6 6 - 3 0 6 .
*  The s i z e  o f  u n d e r p r e d i c t i o n  i s  n o t  g i v e n .
v a l u e  o f  h i s  t o t a l  c o n s u m p t i o n  does n o t  
exceed t h e  p r e s e n t  v a l u e  o f  h i s  t o t a l  
i n c om e .  T h i s  model  s u g g e s t s  t h a t  i n  t h e  
e a r l y  y e a r s  o f  a p e r s o n ' s  l i f e ,  he i s  a 
n e t  b o r r o w e r .  I n  t h e  m i d d l e  y e a r s ,  he 
saves  t o  r e p ay  d e b t  and p r o v i d e  f o r  
r e t i r e m e n t .  I n  t h e  l a t e  y e a r s  he d i s s a v e s " * * .
A c c o r d i n g  to  t h e  above i n t e r p r e t a t i o n ,  y o u n g e r  age 
w ou ld  be a s s o c i a t e d  w i t b  l o w e r  a b s o l u t e  c o n s u m p t i o n  and 
t h e r e f o r e  a n e g a t i v e  r e l a t i o n s h i p  be tween age and c o n ­
s u m p t i o n  wou l d  be j u s t i f i a b l e .  However ,  i f  i t  i s  a c c e p t e d  
t h a t  y o u ng e r  p e o p l e  t e n d  to  have a h i g h e r  p r o p e n s i t y  t o  
consume,  i n  t h e  a g g r e g a t e  a p o p u l a t i o n  w i t h  a y o u n g e r  
a v e r a g e  age w ou l d  t e n d  to  spend p r o p o r t i o n a t e l y  more on 
m o t o r  g a s o l i n e ,  i n  wh ic h  case a p o s i t i v e  r e l a t i o n s h i p  
between age and c o n s u m p t i o n  wou ld  be e q u a l l y  a c c e p t a b l e .  ■
Such a c o n c l u s i o n  tho ug h  i s  more c o n f u s i n g  t h a n  i l l u m i n a t i n g .  
I n c l u s i o n  o f  a v a r i a b l e  whose q u a l i t a t i v e  e f f e c t  i s  u n c e r t a i n  
i s  o f  v e r y  l i t t l e  a n a l y t i c a l  v a l u e ,  and i t  seems as an 
a t t e m p t  t o  i n c r e a s e  t h e  e x p l a n a t o r y  power  o f  a model  u s i n g  
v a r i a b l e s  whose d i r e c t i o n a l  e f f e c t  c a n n o t  be e a s i l y  v e r i f i e d .  
A l t h o u g h  i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  o f  age on c o n ­
s u m p t i o n  wou ld  be o f  i n t e r e s t ,  i t  seems t h a t  a c r o s s -  
s e c t i o n  r a t h e r  t ha n  t i m e - s e r i e s  a n a l y s i s  c o u l d  p r o v i d e  a 
more a p p r o p r i a t e  f r a m e w o r k .
*  U.H.  B r a n s o n :  ' M a c r o e c o n o m i c  T he or y  and P o l i c y ' ,
H a r p e r  I n t e r n a t i o n a  I E d i t i o n ,  New Y o r k ,  1972 ,  
C h a p t e r  10,  p .  177.
3 . 9  H o u t h a k k e r .  U e r l e g e r  and Sheehan ( H . V . S . )  S t u d y *
T h i s  s t u d y  employs an a s s u m p t i o n  u n d e r l y i n g  t h e  f l o u -
a d j u s t m e n t  model  o f  demand.  A c c o r d i n g l y ,  t h e  s t o c k  o f
e n e rg y  c onsumi ng  e q u i p m e n t  i s  assumed t o  be f i x e d  i n  t he
s h o r t - r u n  and t h e  r a t e  o f  i t s  u t i l i s a t i o n  i s  t a k e n  as a
f u n c t i o n  o f  ' n o r m a l  economi c  i n f l u e n c e s ' * * .  Such a
s p e c i f i c a t i o n ,  t h e y  a r g u e ,  c o r r e c t s  f o r  t h e  i n a d e q u a c y  o f
d a t a  r e f e r r i n g  to  changes i n  t h e  c h a r a c t e r i s t i c s  o f  t he
c a p i t a l  s t o c k  i n v o l v e d .  A t  t h e  same t i m e ,  t h e  i m p o r t a n c e
o f  e l e m e n t s  such as ' h a b i t  f o r m a t i o n '  i n  i n v e s t i g a t i n g  t h e
demand f o r  ' n a r r o w l y  s p e c i f i e d  c o n s u m p t i o n  g oo ds '  i s
e x p l i c i t l y  t a k e n  i n t o  c o n s i d e r a t i o n  by t h e  i n c l u s i o n  i n  t h e
s e t  o f  e x p l a n a t o r y  f a c t o r s  o f  a l a g g e d  d e p e n d e n t  v a r i a b l e .
The d e s i r e d  demand f o r  g a s o l i n e  i n  s t a t e  i  d u r i n g  
dt i m e  p e r i o d  t ,  q ^ ^ ,  i s  assumed to  be a f u n c t i o n  o f  i n c o m e ,  
y ^ ^ ,  and p r i c e ,  p ^ ^ ,  t h a t  i s  :
R i t  = r ( P i t '  f i t )  ( 3 . 9 . 1 )
o r  e x p l i c i t l y  q ^^  = ^ p \ t ^ i t  ( 3 . 9 . 2 )
A s i m p l e  a d j u s t m e n t  p r o c e s s  i s  assumed,  o f  t h e  fo r m
^ i t ^ R i , t - l  “  ( R i t / R i , t - l )  ( 3 . 9 . 3 )
where 0 4  0  < 1
*  H .S .  H o u t h a k k e r ,  P . K .  V e r l e g e r ,  J r . ,  and D . P .  Sheehan 
o p .  c i t .  p . p .  4 1 2 - 1 8 .
* *  I b i d ,  p . 413.
T h i s  h y p o t h e s i s  s t a t e s  t h a t  a t  any g i v e n  p o i n t  i n  t i m e
any d i s c r e p a n c y  between a c t u a l  ( q ^ ^ )  and d e s i r e d  ( q ^ ^ )
c o n s u m p t i o n  o f  g a s o l i n e  i s  n o t  made up - i n s t a n t a n e o u s l y .
dI t  i s  assumed i n s t e a d  t h a t  t h e  a d j u s t m e n t  o f  q^^^ t o  q ^^  i s  
s p r e a d  o v e r  t i m e  and o n l y  a f r a c t i o n  0 i s  made up d u r i n g  
each p e r i o d .  S u b s t i t u t i n g  ( 3 . 9 . 2 )  i n t o  ( 3 . 9 . 3 )  and t a k i n g  
l o g a r i t h m s ,  one d e r i v e s  t h e  f o l l o w i n g  e q u a t i o n :
I n q i t  = © In a  + 0 % l n p ^ ^  + G & l n y _ ^  + ( l - & ) l n q ^ ^ ^ _ ^  ( 3 , 9 . 4 )
T h i s  r e l a t i o n s h i p  i s  e s t i m a t e d  by the  e r r o r  ( o r  
v a r i a n c e )  component  t e c h n i q u e  f i r s t  d e v e l o p e d  by B a l e s t r a  
and N e r l o v e *  w h i ch  i s .  a p p r o p r i a t e  f o r  mode l s  c o n t a i n i n g  a 
l a g g e d  d e p e n d e n t  v a r i a b l e ,  s i n c e  use o f  OLS wo u l d  p r o d u c e  
b i a s e d  e s t i m a t e s * * .
The model  was f i t t e d  t o  q u a r t e r l y  d a t a  on g a s o l i n e  
c o n s u m p t i o n  f o r  t he  i n t e r v a l  1 95 3- 1 97 2  f o r . 48 s t a t e s  and 
t h e  d i s t r i c t  o f  Co l umb ia  (number  o f  o b s e r v a t i o n s  N = 1 9 6 0 ) .
The r e s u l t s  show a s h o r t - r u n  p r i c e  e l a s t i c i t y  e q u a l  t o  - . 0 7 5 ,  
an i ncome e l a s t i c i t y  e q u a l  t o  . 30 3  and a l a g g e d  c o n s u m p t i o n
*  P.  B a l e s t r a  and M. N e r l o v e :  ' P o o l i n g  Cr oss  S e c t i o n
and Time S e r i e s  Data  i n  t h e  E s t i m a t i o n  o f  a Dynamic  
M o d e l :  The Demand f o r  N a t u r a l  G a s ' ,  E c o n o m e t r i c a  34,
p . p .  5 8 5 - 6 1 2 ,  J u l y  1966 .
* *  D . F .  H e n d r y :  ' G e n e r a l  I n s t r u m e n t a l  V a r i a b l e  E s t i m a t i o n
o f  L i n e a r  E q u a t i o n s  w i t h  Lagged Dependen t  V a r i a b l e s  and 
F i r s t  O r d e r  A u t o r e g r e s s i v e  E r r o r s ' , U s e r ' s  Manua l  f o r  
' G I V E ' ,  London Sc h oo l  o f  E co n om i cs ,  J u l y  1 973 ,  p . p .  2 -4
2
c o e f f i c i e n t  o f  . 69 6  ( R = . 9 2 ) .  The l a g g e d  c o n s u m p t i o n .
c o e f f i c i e n t  i m p l i e s  a v a l u e  o f  0  e q u a l  to  . 304  w h i c h  means
t h a t  o n l y  30% o f  any d i s c r e p a n c y  between a c t u a l  and d e s i r e d
demand i s  made up i n  t h e  f i r s t  p e r i o d .  T h i s ,  i n  t u r n ,
i m p l i e s  a s l o w  a d j u s t m e n t  and a p p a r e n t l y  e s t a b l i s h e s  t h e
i m p o r t a n c e  o f  t h i s  k i n d  o f  l a g  i n  t h e  e q u a t i o n .  The l o n g -
r un  e l a s t i c i t i e s  a r e  - . 2 4  f o r  p r i c e  and .98 f o r  i n c o m e * .
A c o m p a r i s o n  w i t h  t h e  e l a s t i c i t i e s  d e r i v e d  by u s i n g  s i m p l e
OLS ( - . 0 8 1  f o r  p r i c e ,  .341 f o r  i ncome and a l a g g e d  c o n -
9s u m p t i o n  c o e f f i c i e n t  o f  . 6595  w i t h  R = . 9 7 9 ) ,  w i t h  a 
d i f f e r e n t  i n t e r c e p t  f o r  each s t a t e  -  a l l o w i n g  f o r  c l i m a t i c  
d i f f e r e n c e s ,  u r b a n i z a t i o n ,  e t c .  -  shows t h a t  t h e  s u p e r i o r i t y  
o f  t h e  e r r o r s  component  t e c h n i q u e  a rg ume nt  i s  n o t  v e r y  
o b v i o u s ;  w h i l e  t h e  r e s u l t s  a b o u t  e l a s t i c i t i e s  a r e  v i r t u a l l y  
i d e n t i c a l ,  t h e  e x p l a n a t o r y  power  o f  t h e  model  w i t h  s t a t e  
i n t e r c e p t s  i s  h i g h e r  as may be seen f r om t h e  v a l u e s  o f  
t he  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( R ^ ) .  As HUS p o i n t  o u t  
' t h i s  o b s e r v a t i o n  may be r e g a r d e d  as r e a s s u r i n g  i n  v i e w  
o f  t h e  r o b u s t n e s s  o f  1 e a s t - s q u a r e s  e s t i m a t o r s ' * * .
A l t h o u g h  t h e  HVS model  i s  i n t e r e s t i n g ,  one may q u e s t i o n  
i t s  p r a c t i c a l  i m p o r t a n c e .  T h i s  i s  because a f o r m u l a t i o n  
based on t h e  a s s u m p t i o n  o f  f l o w  a d j u s t m e n t  i s  c o n s i s t e n t
*  The r e l a t i o n s h i p  between l o n g - r u n  (LR) and s h o r t - r u n  
e l a s t i c i t i e s  (SR) i s  g i v e n  b y :
LR = SR -7 0
where 0  i s  t he  a d j u s t m e n t  c o e f f i c i e n t .
* *  H o u t h a k k e r  e t .  a l . ,  o p ,  c i t . ,  p .  416.
w i t h  two t o t a l l y  d i f f e r e n t  i n t e r p r e t a t i o n s ,  g i v i n g  r i s e  to  
an i d e n t i f i c a t i o n  p r o b l e m :  w h i l e  t h e  e s t i m a t i n g  e q u a t i o n  .
d e r i v e d  above i m p l i e s  t h a t  g a s o l i n e  demand i s  i n f l u e n c e d  by 
p r i c e  and i ncome i t  i s  a l s o  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  
t h a t  e x i s t i n g  demand i s  i n f l u e n c e d  n e i t h e r  by p r i c e s  n or  
i nc o me .  I f  t h e  q u a n t i t y  demanded o f  p e t r o l  p e r  c a p i t a  ( q ^ ^ ^  
i s  t a k e n  as t h e  p r o d u c t  o f  a v e r ag e  m i l e s  p e r  g a l l o n  ( g ^ ^ )  
and t h e  p e r  c a p i t a  s t o c k  o f  c a r s  ( s ^ ^ J ,  and t h e  l a t t e r  i s  
assumed to  d e p r e c i a t e  by a f r a c t i o n  S d u r i n g  e v e r y  p e r i o d ,  
one h as :  ’
' i t  ^ i t  • ^ i t ( 3 . 9 . 5 )
and s ^ ^  = ( l - 5 ) s ^  + r^.j. ( 3 . 9 . 6 )
(where  r ^ ^  s t a n d s  f o r  new c a r  r e g i s t r a t i o n s  p e r  c a p i t a ) .
Dy s u b s t i t u t i n g  ( 3 . 9 . 6 )  i n t o  ( 3 . 9 . 5 ) ,  one o b t a i n s :
R i t  =  +  O i t r i t  ( 3 - 9 . 7 )
Now assuming  t h a t  g^^  r e m a i n s  c o n s t a n t  o v e r  t i m e ,  ( 3 . 9 . 7 )
may be w r i t t e n  as :
P i t  A i t  ( 3 . 9 . 8 )
Rwhere q . .  i s  t h e  i n c r e m e n t a l  demand a r i s i n g  f rom new I t
R •r e g i s t r a t i o n s .  I f  q^^  i s  made a f u n c t i o n  o f  i ncome and
p r i c e ,  t h e n  ( 3 . 9 . 8 )  s i m p l i f i e s  t o :
pit = a + ^Xit +%Pit + (l-5^9i,t-l (3.9.9)
w h i c h  i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  p r i c e  i n f l u e n c e s  
p e t r o l  demand o n l y  t h r o u g h  t h e  p u r c h a s e  o f  new c a r s .
The f a c t  t h a t  two q u i t e  d i f f e r e n t  h y p o t h e s e s  g i v e  r i s e
t o  t h e  same s t a t i s t i c a l  e q u a t i o n  o b v i o u s l y  has u n d e s i r a b l e  
i m p l i c a t i o n s .  T h i s  i s  because w h i l e  t h e  f i r s t  h y p o t h e s i s  
s u g g e s t s  t h a t  -  p r o v i d e d  t h e r e  i s  a r e s p o n s e  t o  p r i c e  
changes -  a h i g h e r  p r i c e  p e r  g a l l o n  o f  p e t r o l  w i l l  r e s u l t  
i n  a r e d u c t i o n  o f  demand t.n a p r e s e t  l e v e l ,  t he  second 
h y p o t h e s i s  i m p l i e s  t h a t  t h i s  i s  p o s s i b l e  o n l y  to  t h e  e x t e n t  
t h a t  h i g h  p r i c e s  w i l l  l e a d  consumers t o w a r d s  b u y i n g  s m a l l e r  
c a r s
3 .1 0  Dewees, Hyndman and Uaverman ( P . H . U . )  S t ud y  *
I n  t h i s  s t u d y  t h e  a u t h o r s  r e c o g n i s e  t h e  need f o r  a 
s o p h i s t i c a t e d  m o d e l ,  h u t  p r a g m a t i c  r e as o n s  such as r e s u l t s   ^ , 
wanted  f o r  p o l i c y  c o n c l u s i o n s  i n  a s h o r t  p e r i o d  and d a t a  
l i m i t a t i o n s  a p p a r e n t l y  f o r c e  them to  c o n s i d e r  a s i n g l e -  
e q u a t i o n  m o d e l .  They s e l e c t  t h e  v a r i a b l e s  w h i c h  a r e  l i k e l y  
t o  a f f e c t  g a s o l i n e  c o n s u m p t i o n ,  and t h e y  f o r m u l a t e  t h e i r  
b a s i c  e q u a t i o n  as :
G = r ( p ,  y ,  URB, PA) , ( 3 . 1 0 . 1 )
where
G = s a l e s  o f  g a s o l i n e  p e r  c a p i t a ;
p = r e a l  p r i c e  o f  g a s o l i n e ;
y = r e a l  p e r s o n a l  d i s p o s a b l e  i ncome p e r  c a p i t a ;
LJRB = de gr ee  o f  u r b a n i s a t i o n ;
PA = r e a l  p r i c e  i n d e x  o f  a u t o m o b i l e s .
*  Dewees,  D.N.  e t .  a l . :  ’ G a s o l i n e  Demand i n  Canada
1 9 5 6 - 1 9 7 2 ' ,  Energy  P o l i c y ,  V o l .  3,  No. 2,  June 1975 ,  
p . p .  1 1 6 - 1 2 3 .
The model  was a p p l i e d  t o  a c r o s s - s e c t i o n  o f  Canad ian  
p r o v i n c i a l  t i m e  s e r i e s  d a t a ,  and f i v e  m a t h e m a t i c a l  fo r ms  
were t r i e d .  F i r s t ,  t he  s t a t i c  e q u a t i o n :
LogG^ = a + b l o g P ^  + c l o g Y ^  + dl .ogURB^ + e logP A^ . ( 3 . 1 0 .  2)
wh ic h  assumes t h a t  e q u i l i b r i u m  i s  a c h i e v e d  w i t h i n  one y e a r .  
S e c o n d l y ,  t he  same fo rm as above b u t  w i t h  a f o u r  y e a r  
d i s t r i b u t e d  l a g  on p r i c e  and i ncome,  w i t h  w e i g h t s  G.15  f o r  
y e a r  one,  0 . 2 5  f o r  y e a r  two and G.3 f o r  y e a r s  t h r e e  and 
f o u r .  These w e i g h t s  a r e  imposed on t h e  v a r i a b l e s  i n  a 
somewhat  a r b i t r a r y  way w b i c b  t be  a u t h o r s  j u s t i f y  as " o u r  
u n d e r s t a n d i n g  o f  t h e  r a t e  o f  u t i l i z a t i o n  o f  a u t o m o b i l e s  
and t h e  c o m p o s i t i o n  o f  t h e  f l e e t  i n  te rms o f  used and new 
c a r s " * .  T h i r d l y ,  a d ynami c  fo r m i s  t r i e d  w i t h  t h e  same 
e x p l a n a t o r y  v a r i a b l e s  a p p e a r i n g  as i n  t h e  s t a t i c  e q u a t i o n .
The d i f f e r e n c e  h e r e  i s  t h a t  t h e  d e p e n d e n t  v a r i a b l e  i s  
f o r m u l a t e d  as GF, t h a t  i s  f r e e  demand f o r  g a s o l i n e .  T h i s  
i s  d e f i n e d  as the  q u a n t i t y  s o l d  i n  p e r i o d  t  l e s s  8G% o f  
t h e  q u a n t i t y  s o l d  i n  p e r i o d  t - 1 .  " T h i s  f o r m u l a t i o n  assumes 
t h a t  because o f  r e t i r e m e n t  f rom t h e  f l e e t  and d e c r e a s e d  
use w i t h  i n c r e a s i n g  age,  c u r r e n t  g a s o l i n e  c o n s u m p t i o n  by 
t h o s e  c a r s  r e m a i n i n g  f rom t h e  p r e v i o u s  y e a r ' s  f l e e t  w i l l  
be o n l y  8G% o f  t h e  p r e v i o u s  y e a r ' s  c o n s u m p t i o n .  The 
r e m a i n i n g  c u r r e n t  demand i s  a t t r i b u t e d  to  new c a r s " * * .
C l e a r l y ,  such a f o r m u l a t i o n  i s  u n r e a l i s t i c ,  because 
i t  does n o t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  f a c t  t h a t  t h e
*  Gp. c i t .  p .  119,
* *  Gp. c i t .  p .  119.
number ü f  r e t i r i n g  u n i t s  v a r i e s  c o n s i d e r a b l y  o v e r  t i m e ,  
and t b a t  t b e  c h a r a c t e r i s t i c s  o f  t h o s e  u n i t s  u i t h  r e s p e c t  
t o  f u e l  economy may be q u i t e  i m p o r t a n t .  T h e r e f o r e ,  a 
c o n s t a n t  p e r c e n t a g e  o f  c o n s u m p t i o n  c a n n o t  he a t t r i b u t e d  
to  them.  On t b e  o t h e r  band,  i n c r e a s i n g  age m i g h t  i m p l y  
g r e a t e r  c o n s u m p t i o n  p e r  m i l e  and t h u s  t he  n e t  r e s u l t  c a n n o t  
he s p e c i f i e d  a p r i o r i .  The f o u r t h  r e g r e s s i o n  e q u a t i o n  has 
t h e  f o r m :
LogG^ = a + h l o g P ^  + c l o g Y ^  + d l og G^ _^  ( 3 . 1 G . 3 )
whose c h a r a c t e r i s t i c s  have been m e n t i o n e d  b e f o r e  (HUS 
s t u d y ) .
The l a s t  e q u a t i o n :
LogG. = a + hP + c _ J _  + dURB^ + ePA^ ( 3 . 1 0 . 4 )
i m p l i e s  t h a t  each e l a s t i c i t y  i s  a f u n c t i o n  o f  t h e  r e l e v a n t  
v a r i a b l e  o n l y ,  as was p o i n t e d  o u t  p r e v i o u s l y  (RRA s t u d y ) .
The r e s u l t s  d e r i v e d  u s i n g  t he  s t a t i c  e q u a t i o n  show a 
s t a t i s t i c a l l y  s i g n i f i c a n t  income e l a s t i c i t y  o f  a b o u t  . 82  
( b o t h  f o r  Canada and t he  i n d i v i d u a l  p r o v i n c e s )  and p r i c e  
e l a s t i c i t i e s  o f  t h e  i n d i v i d u a l  p r o v i n c e s  t h a t  r a n ge  f r o m  
- . 4  to  - . 5 6 .  The d i s t r i b u t e d  l a g  m o d e l ,  and t h e  d y na mi c  
m o de l ,  g i v e  c o e f f i c i e n t s  w i t h  t he  r i g h t  s i g n  h u t  demand 
seems t o  he more p r i c e  i n e l a s t i c ,  p a r t i c u l a r l y  i n  t h e  
case o f  t h e  d i s t r i b u t e d  l a g  m o d e l ,  r a n g i n g  f r om - 0 . 1 7  to  
- . 0 3 7 .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  e l a s t i c i t i e s  
r e f e r r i n g  t o  i nco me ,  deg r ee  o f  u r b a n i z a t i o n  and p r i c e  
i n d e x  o f  c a r s  a r e  a l m o s t  i d e n t i c a l  w h e t h e r  t h e y  r e f e r  to 
Canada o r  to i n d i v i d u a l  j ;r n v i n c e s , f o r  most  o f  t he  f o r ms
t r i e d .  M o r e o v e r ,  t h e  p r i c e  e l a s t i c i t y  f o r  Canada i s  a l m o s t  
e q u a l  to  t h e  s i m p l e  a r i t h m e t i c  mean o f  t h e  i n d i v i d u a l  p r i c e  
e l a s t i c i t i e s .  A p a r t  f rom t h e  c r i t i c i s m  r e l a t i n g  to  t he  
a r b i t r a r y  uay i n  wh ic h  t h e  a u t h o r s  s p e c i f i e d  t h e i r  m o d e l s ,  
one can c r i t i c i s e  t he  s t u d y  on s t a t i s t i c a l  g ro un d s  as w e l l .  
A l t h o u g h  " e x a m i n a t i o n  o f  t h e  r e s i d u a l s  shows a h i g h  d e gr e e  
o f  a u t o c o r r e l a t i o n  among r e s i d u a l s  w i t h i n  each p r o v i n c e " *  
no a t t e m p t  i s  made to  c o r r e c t  f o r  a u t o c o r r e l a t i o n .
The p r a c t i c a l  u s e f u l n e s s  o f  t h e  s tu d y ,  and t h e  r e s u l t s  
p r e s e n t e d  t h e r e f o r e  seem to  he v e r y  l i m i t e d ,  p a r t i c u l a r l y  
i f  t h e  model  i s  t o  he used f o r  p o l i c y  r e c o m m e n d a t i o n s .
3 .11  C o n c l u s i o n
I n  t h i s  c h a p t e r  a number o f  s t u d i e s  on t h e  demand f o r  
p e t r o l  were r e v i e w e d .  A s t u d y  based on an e n g i n e e r i n g  
a pp ro a ch  was f o l l o w e d  by a d e t a i l e d  summary o f  e c o n o m e t r i c  
work  p r e s e n t e d  i n  c h r o n o l o g i c a l  o r d e r .  The d e t a i l e d  and 
one s t u d y  a t  a t i m e  p r e s e n t a t i o n  r e f l e c t s  t h e  b e l i e f  t h a t  
q u a n t i t a t i v e  e s t i m a t e s  c a n n o t  he e a s i l y  compared w i t h o u t  
e x p l i c i t  r e f e r e n c e  to  t h e  way a model  has been b u i l t .  
D i f f e r e n t  f o r m u l a t i o n s  g e n e r a t e  d i f f e r e n t  e l a s t i c i t y  
e s t i m a t e s  and i f  one were t o  draw a b ro ad  c o n c l u s i o n  t h i s  
w ou l d  he t h a t  t h e  s h o r t - r u n  p r i c e  and income e l a s t i c i t i e s  
o f  p e t r o l  demand ap pe ar  to  he s m a l l e r  ( i n  a b s o l u t e  v a l u e s )  
t ha n  t h e i r  l o n g - r u n  c o u n t e r p a r t s .  S y n o p s i s  i n  a c h r o n o ­
l o g i c a l  o r d e r  i s  o f  i n t e r e s t  i n  t h a t  i t  h e l p s  one i d e n t i f y  
t h e  p a t h  o f  d e v e l o p m e n t  i n  t h e  f i e l d  o f  p e t r o l  demand.  From
*  Dp. c i t .  p .  122.
t h i s  p o i n t  o f  v i e w  an a t t e m p t  t ow a r d s  d y n a m i s i n g  t h e  
r e l e v a n t  demand e q u a t i o n s  i s  e v i d e n t . -
A l t h o u g h  model  o b j e c t i v e s  d i f f e r  and i t  seems t h a t  no 
m e t h o d o l o g y  has y e t  been d e m o n s t r a t e d  to  he b e s t  f o r  a l l  
p u r p o s e s ,  t h e  g e n e r a l  l i n e  o f  t h o u g h t  one s h o u l d  f o l l o w  
may he summar i sed  as f o l l o w s :
A s u c c e s s f u l  f o r m u l a t i o n  o f  a p e t r o l  demand model  
s h o u l d  r e c o g n i s e  a t  t h e  o u t s e t  t h e  need to  d i s t i n g u i s h  
between demand i n  t h e  s h o r t - r u n  and demand i n  t he  l o n g  r u n .  
The r a t i o n a l e  b e h i n d  t h i s  i s  t h a t  p e t r o l  does not .  p r o v i d e  
s a t i s f a c t i o n  d i r e c t l y  h u t  i t  i s  d e s i r e d  as an i n p u t  i n t o  
o t h e r  a c t i v i t i e s  t h a t  do p r o v i d e  u t i l i t y ,  and w h i c h  use a 
c a p i t a l  s t o c k  o f  c o n s i d e r a b l e  d u r a b i l i t y .  S i n c e  d u r a b l e  
goods a re  i n v o l v e d ,  t h e  d i s t i n c t i o n  between s h o r t - r u n  and 
l o n g - r u n  s h o u l d  he made w i t h  r e f e r e n c e  to  t h a t  s t o c k  and 
n o t  n e c e s s a r i l y  t o  s p e c i f i c  l e n g t h s  o f  t i m e .  Under  such 
an i n t e r p r e t a t i o n  t h e  s h o r t - r u n  s h o u l d  r e f e r  to a s i t u a t i o n  
where t h e  i n f l u e n c e  o f  t h e  s t o c k  o f  e q u i p m e n t  has been 
t a k e n  c a r e  o f  and o n l y  i t s  r a t e  o f  u t i l i s a t i o n  v a r i e s ;  
t h e  l o n g - r u n  demand s h o u l d  r e f e r  t o  demand v a r i a t i o n s  due 
t o  b o t h  v a r i a t i o n s  i n  t h e  s t o c k  o f  e q u i p m e n t  and i t s  
a v e r a g e  r a t e  o f  u t i l i s a t i o n .  However ,  o b s e r v i n g  a t i m e  
s e r i e s  o f  p e t r o l  c o n s u m p t i o n ,  one c a nno t ,  r e a l l y  a c c e p t  
t h a t  i t s  v a r i a t i o n  i s  s o l e l y  due to  v a r i a t i o n s  i n  t h e  r a t e  
o f  u t i l i s a t i o n  o f  t h e  u n d e r l y i n g  (and assumed c o n s t a n t )  
consumi ng  e q u i p m e n t .  Hence ’ e c o n o m e t r i c  e s t i m a t i o n  o f  t he  
model  r e q u i r e s  e x p l i c i t  e s t i m a t e s  o f  t h e  s t o c k  o f  co ns um in g  
c a p i t a l  g o o d s ’*  o r  e l i m i n a t i o n  o f  i t s  i n f l u e n c e  t h r o u g h
*  L . D .  T a y l o r :  ’ The [inrnand f o r  L l e c t r i c i t y :  A S u r v e y ’ ,
H e ] 1 S o u r n a l ,  S p r i n g  1975,  p.  83.
a p p r o p r i a t e  m a t h e m a t i c a l  f o r m u l a t i o n .  The f i r s t  method 
has been f o l l o w e d  by O’ R i o r d a n  h u t  h i s  c o n c l u s i o n s  seem 
to  he o f  l i m i t e d  u s e f u l n e s s  because o f  t h e  s h o r t c o m i n g s  
p o i n t e d  o u t  i n  t h e  r e l e v a n t  s e c t i o n  ( 3 . 7 . ) .  The second 
me thod ,  as employed f o r  t h e  d e r i v a t i o n  o f  s h o r t - r u n  
e l a s t i c i t i e s  i n  m a r k e t s  such as e l e c t r i c i t y  ( F i s h e r  and 
Kaysen)  and n a t u r a l  gas ( B a l e s t r a )  i s  n o t  f o u nd  i n  p e t r o l  
demand s t u d i e s ,  and a p r o b a b l e  e x p l a n a t i o n  c o u l d  he t he  
i n c o r p o r a t i o n  i n  t h e s e  mode l s  o f  t h e  r a t h e r  s t r o n g  
a s s u m p t i o n  t h a t  t h e  s t o c k  o f  consumi ng  a p p l i a n c e s  grows 
a t  a c o n s t a n t  r a t e  o v e r  t i m e .  However ,  t he  v a r i o u s  
f o r m u l a t i o n s  employed i n s t e a d ,  do n o t  seem to p r o v i d e  a 
s a t i s f a c t o r y  s u h s t i t u t e .  The ’ f l o w - a d j u s t m e n t ’ m o d e l ,  
a l t h o u g h  i t  p r o v i d e s  a d ynami c  f o r m u l a t i o n  w h i c h  i s  a 
d e s i r a b l e  f e a t u r e  f o r  a p e t r o l  demand model  t o  p o s s e s s ,  
i t  r a i s e s  a q u e s t i o n  o f  i d e n t i f i c a t i o n  wh ic h  i s  u n d e s i r a b l e  
f rom a p o l i c y  p o i n t  o f  v i ew  ( s e c t i o n  3 . 9 ) .  The d i s ­
a d v a n t a g e s  o f  u s i n g  t i m e  as one o f  t he  e x p l a n a t o r y  f a c t o r s  
i s  p r o g a h l y  b e s t  e x p r e s s e d  i n  t he  c r i t i c i s m  o f  Broome’ s 
work  ( s e c t i o n  3 . 5 ) .  The f o r m u l a t i o n  o f  models  t h r o u g h  
t h e  i n t r o d u c t i o n  o f  v a r i a b l e s  whose q u a l i t a t i v e  e f f e c t  
c a n n o t  he s p e c i f i e d  a p r i o r i  ( s e c t i o n  3 . 8 )  o r  may he 
q u e s t i o n e d  ( s e c t i o n  3 . 1 0 )  a re  r a t h e r  c o n s i d e r e d  as 
s t a t i s t i c a l  a s s o c i a t i o n s  and n o t  as an a t t e m p t  to  a n a l y s e  
f u n d a m e n t a l  f a c t o r s  i n v o l v e d .
A s a t i s f a c t o r y  model  s h o u l d  he f l e x i b l e  enough to  
a l l o w  i n v e s t i g a t i o n  o f  t he  i n f l u e n c e  o f  economi c  f a c t o r s  
o t h e r  than t h e  p r o d u c t ’ s own p r i c e  and i nc ome ;  t he  mode l s
r e v i e w e d  h a r d l y  s a t i s f y  such a r e q u i r e m e n t .
F i n a l l y ,  t he  t e c h n o l o g i c a l  c o m p l e m e n t a r i t y  c h a r a c t e r ­
i s i n g  v e h i c l e  o w n e r s h i p  and use and p e t r o l  demand s h o u l d  
be t ak e n  i n t o  a c c o u n t  e x p l i c i t l y .
Because o f  t he  r e a s o n s  p r o v i r l e d  a bove ,  i t  seems t h a t  
t h e  mode l s  summar i sed  i n  t h i s  c h a p t e r  a r e  o f  l i m i t e d  v a l u e  
and p r a c t i c a l  u s e f u l n e s s .  I n  t h e  n e x t  c h a p t e r ,  t he  
q u e s t i o n i n g  o f  t h e  v a l i d i t y  o f  t he  c e t e r i s  p a r i b u s  
a s s u m p t i o n  i n  t h e  case o f  e n e r g y  p r o d u c t s  l e a d e  to  t h e  
f o r m u l a t i o n  o f  mode l s  based on s t o c k  e f f e c t  c o n s i d e r a t i o n s .  
These a r e  a p r e p a r a t o r y  s t e p  t ow a r d s  t h e  f i n a l  model  
p r o p o s e d  i n  c h a p t e r  5.
C h a p t e r  4
A P r a g m a t i c  Appr oach  t o  M o d e l l i n g  t h e  demand f o r  P e t r o l
4.1 I n t r o d u c t i o n
I n  c h a p t e r ,  2 t h e  c o n c l u s i o n  was r e ache d  t h a t  t h e  s o u r c e s  
o f  p o o r  r e s u l t s  s h o u l d  he l o o k e d  f o r  i n  t h e  " c e t e r i s  p a ­
r i  h us "  a s s u m p t i o n  u n d e r l y i n g  t h e  mode l s  t e s t e d .
Henry  L .  Moore i n  h i s  "Econ omi c  C y c l e s :  T h e i r  Law and 
Cause"  s t a t e s  :
"The " o t h e r  t h i n g s "  t h a t  a r e  supposed  to 
r ema i n  e q u a l  a r e  se ldom m e n t i o n e d  and 
a r e  n e v e r  c o m p l e t e l y  e n u m e r a t e d ;  and co n ­
s e q u e n t l y  t h é  a s s u m p t i o n  t h a t ,  o t h e r  unmen­
t i o n e d  and u n en um er a t ed  f a c t o r s  r e m a i n i n g  
c o n s t a n t ,  t h e  l aw o f  demand w i l l  he o f  a 
c e r t a i n  t y p e ,  i s  r e a l l y  t a n t a m o u n t  t o  s a y i n g  
t h a t  u n d e r  c o n d i t i o n s  w h i c h  a r e  u n a n a l y z e d
and unknown,  t h e  l aw  o f  demand w i l l
'■ :
t a k e  t h e  supposed d e f i n i t e  f o r m " . *
The " c e t e r i s  p a r i h u s "  a s s u m p t i o n  i s  a c r u c i a l  o n e ,  and 
i t s  s i g n i f i c a n c e  becomes o f  p a ra mo u n t  i m p o r t a n c e  when one 
d e a l s  w i t h  p r o d u c t s  t h a t  due t o  t h e i r  n a t u r e  a r e  r e l a t e d  
to  s t o c k s  o f  consumi ng  e q u i p m e n t .  P e t r o l  i s  a c h a r a c t e r i ­
s t i c  example  o f  a t e c h n o l o g i c a l  r e l a t i o n s h i p  o r  t e c h n o l o ­
g i c a l  c o m p l e m e n t a r i t y ,  w h i ch  d i c t a t e s  t h a t  one p r o d u c t
H. Moore ,  q u o t e d  i n  E.  K i t c h e l l ,  o p .  c i t . ,  p .  6.
( p e t r o l )  i s  n e c e s s a r y  i f  a n o t h e r  p r o d u c t  o r  s e r v i c e  
( p r i v a t e  m o t o r i n g )  i s  t o  he e n j o y e d .  Hence,  c o n s i d e r a ­
t i o n  o f  a " s t o c k  e f f e c t "  i s  c l e a r l y  i n d i c a t e d  and d u r  ~ 
a t t e n t i o n  i s  t u r n e d  i n  t h i s  d i r e c t i o n .
4 . 2  S t o c k  e f f e c t  c o n s i d e r a t i o n s
The i d e a  o f  a l l o w i n g  f o r  a " s t o c k  e f f e c t "  i n  a 
demand e q u a t i o n ,  w h i ch  t a k e s  t h e  a n a l y s i s  t o  wha t  was 
c a l l e d  a p r a g m a t i c  a p pr o a c h  t o  demand p r o b l e m s  i s  n o t  
new. I n  e m p i r i c a l  i n v e s t i g a t i o n s  i t  has been used se­
v e r a l  t i m e s  and an example  i s.  a s t u d y  by B a l e s t r a , *
I n v e s t i g a t i n g  t h e  r e s i d e n t i a l  and c o m m e r c i a l  demand 
f o r  n a t u r a l  gas i n  t h e  U n i t e d  S t a t e s ,  B a l e s t r a  d e f i n e s  
t h e  q u a n t i t y  o f  n a t u r a l  gas consumed d u r i n g  a p e r i o d  t ,  
( G ^ ) ,  as t h e  p r o d u c t  o f  t h e  s t o c k  o f  gas co nsumi ng  ap ­
p l i a n c e s ,  ( S ^ ) ,  and what  he c a l l s  " t h e  r a t e  o f  t h e i r  
u t i l i s a t i o n "  d u r i n g  t h e  p e r i o d  ( ^ ^ ) ,  w h i c h  I s  assumed 
t o  he a f u n c t i o n  o f  t h e  r e a l  p r i c e  o f  gas and r e a l  i n ­
come p e r  c a p i t a .
*  P.  B a l e s t r a ,  o p ,  c i t . ,  p .  20 o n w a r d s .
T h i s  p a r t i c u l a r  s t u d y  has been chosen f o r  two r e a ­
s o n s .  F i r s t ,  B a l e s t r a  i s  one o f  t h e  f i r s t  a u t h o r s  
who c o n s i d e r e d  a s t o c k  o f  a p p l i a n c e s  e f f e c t  i n  a 
demand e q u a t i o n .  Second h i s  s t u d y  c o n s t i t u t e s  an 
e x c e l l e n t  s t a r t i n g  p o i n t  f o r  t h e  i m p r o v e m e n t s  p r o ­
posed l a t e r .
( 4 . 2 . 1 )
However ,  a r a t h e r  i m p o r t a n t  e l e m e n t  i s  m i s s i n g  
f r om  t h e  ahove e q u a t i o n ,  and,  as we hope t o  show,  c o n ­
s i d e r a t i o n  o f  i t  wou ld  l e a d  t o  an i m p r o v e m e n t  o f  t h e  
a n a l y s i s  o f  demand f o r  e n e r g y  p r o d u c t s  i n  g e n e r a l  and 
o f  t h e  demand f o r  p e t r o l  i n  p a r t i c u l a r .  The a r g u me n t  
may be e s t a b l i s h e d  i n  two d i f f e r e n t  ways
i )  By d e f i n i t i o n
/  - 1  ( 4 . 2 . 2 )
M u l t i p l y i n g  and d i v i d i n g  t h e  r i g h t  hand s i d e  o f  
( 4 . 2 . 2 ) by ( T H ) ^ ,  t h a t  i s  t o t a l  h o u r s  o f  use d u r i n g  t ,  
we o b t a i n  :
= ( t h / s )(. . ( G/TH ) t  ( 4 . 2 . 3 )
The f i r s t  f a c t o r  on t h e  r i g h t  hand s i d e  o f  ( 4 . 2 . 3 ) ,
b e i n g  t he  r a t i o  o f  t o t a l  h o u r s  o f  use t o  t h e  t o t a l
number o f  a p p l i a n c e s  i s  t h e  a v e r a g e  p e r i o d  o f  use p e r  
a p p l i a n c e  d u r i n g  t ,  ( h ^ ) .  T h i s  may be c o n s i d e r e d ,  f o r  
r ea s o n s  t h a t  w i l l  he e x p l a i n e d  l a t e r ,  as t he  " t r u e  
r a t e  o f  u t i l i s a t i o n " .
The second  f a c t o r ,  i s  t h e  r a t i o  o f  t o t a l  u n i t s  
consumed t o  t h e  t o t a l  p e r i o d  o f  use o f  a l l  a p p l i a n c e s  
and t h e r e f o r e  r e p r e s e n t s  t h e  a v e r a g e  c o n s u m p t i o n  c h a ­
r a c t e r i s t i c s  o f  t h e  a v e r ag e  a p p l i a n c e  ( gas c o n s u m p t i o n  
p e r  h o ur  o f  u s e ,  o r  c^  ) ,
Thus may be r e d e f i n e d  as
R , ^ . c ^  ( 4 . 2 . 4 )
and c o n s e q u e n t l y
^ t  =, h t  . Ct  5 t  ( 4 . 2 . 5 )
Now, t h e  a v e r ag e  p e r i o d  o f  use h^ the  r a t e  o f  
u t i l i s a t i o n  and i t  i s  r e a s o n a b l e  t o  assume t h a t  i t  may 
he c o n s i d e r e d ,  as a f i r s t  a p p r o x i m a t i o n ,  as a f u n c t i o n  
o f  r e a l  i ncome p e r  c a p i t a  and p r i c e  p r e v a i l i n g  i n  p e r i o d  
t .  Bu t  t he  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e  a v e r a g e  
a p p l i a n c e ,  ( c ^ ) ,  a re  a s s o c i a t e d  w i t h  t h e  p e r i o d  o f  t i m e  
d u r i n g  w h i c h  t h e  consumer  made h i s  d e c i s i o n  t o  buy a s p e ­
c i f i c  a p p l i a n c e .  Once t h e  d e c i s i o n  i s  t ak e n  a b o u t  t h e  
p u r c h a s e  o f  an a p p l i a n c e  w i t h  c e r t a i n  c o n s u m p t i o n  c h a r a ­
c t e r i s t i c s ,  wha t  may he c hanged ,  a t  l e a s t  i n  t h e  s h o r t -  
r u n ,  i s  t h e  t r u e  r a t e  o f  u t i l i s a t i o n  h ^ .  C o n s i d e r  f o r  
example  a consumer  who owns one u n i t  o f  gas c onsumi ng  
e q u i p m e n t ,  whose c o n s u m p t i o n  c h a r a c t e r i s t i c s  a r e  X u n i t s  
p e r  h o ur  o f  u s e .  I n  t h e  s h o r t - r u n ,  i f  t h e  consumer  f e è l s  
t h a t  e i t h e r  h i s  i ncome d e c r e a s e s  o r  t h a t  t h e  r e a l  p r i c e  
p e r  u n i t  o f  gas i n c r e a s e s  he m i g h t  d e c i d e  t o  d e c r e a s e  
t h e  p e r i o d  o f  use o f  t h e  a p p l i a n c e  f r om say k h o u r s  
p e r  p e r i o d  t o  k^ h o u r s ,  w i t h  kyCk .  However ,  i n  t h e  s h o r t -  
r un  he c a n n o t  change t h e  a v e r a g e  c o n s u m p t i o n  c h a r a c t e r i ­
s t i c s  o f  t he  s p e c i f i c  a p p l i a n c e  g i v e n  t h a t  i n  t h e  s h o r t -  
r un  b o t h  t h e  amount  o f  e q u i p m e n t  h e l d  and t h e  consump­
t i o n  c h a r a c t e r i s t i c s  o f  i t  by a s s u m p t i o n  a r e  supposed  
t o  re ma in  c o n s t a n t .  R e g a r d l e s s  o f  t h e  p e r i o d  o f  u s e ,  
a s p e c i f i c  a p p l i a n c e  w i l l  consume a c e r t a i n  amount  o f
u n i t s . p e r  h o u r  o f  use ( X u n i t s  p e r  h o u r  i n  o u r  e x a m l e ) , *
I n  t h e  l o n g - r u n ,  h o we v er ,  t h e  consumer  i s  f r e e  n o t  o n l y  
t o  change t h e  t r u e  r a t e  o f  u t i l i s a t i o n  o f  t h e  a p p l i a n c e ( s )  
h u t  t h e  s t o c k  o f  a p p l i a n c e s  he h o l d s  a n d / o r  t h e  consump­
t i o n  c h a r a c t e r i s t i c s  o f  them p e r  p e r i o d  o f  u s e ,  t h e  l a t t e r  
h e i n g  c o n d i t i o n e d  hy t h e  s t a t e  o f  t e c h n o l o g y .  An i n c r e a ­
se o r  d e c r e a s e  i n  t h e  number o f  e q u i p m e n t  u n i t s  h e l d  
i s  c o n c e p t u a l l y  s t r a i g h t f o r w a r d .  A movement  t o w a r d s  ap­
p l i a n c e s  w i t h  more " e c o n o m i c a l "  c h a r a c t e r i s t i c s  s i m p l y  ' 
means t h a t  i n  t h e  l o n g - r u n  t h e  consumer  m i g h t  d e c i d e ,  c o n ­
s i d e r i n g  t h e  p r e v a i l i n g  p r i c e s  and h i s  i nc o me ,  t o  r e p l a c e  
an a p p l i a n c e  consumi ng  X u n i t s  p e r  h o u r  o f  use hy a n o t h e r  
t h a t  consumes X,^  u n i t s  ( w h e r e  X y ^ X ) ,  i f  t h e  e x i s t i n g  t e c h n o ­
l o g y  . p e r m i t s  him t o  do so .
i i )  The a l t e r n a t i v e  way o f  - e s t a b l i s h i n g  t h e  s u p e r i o ­
r i t y  o f  d e f i n i t i o n  ( 4 . 2 . 5 )  i s  p r o b a b l y  s i m p l e r .  C o n s i d e r  
a g a i n  B a l e s t r a ’ s d e f i n i t i o n  ( 4 . 2 . 1 ) .  The s t o c k  o f  ap ­
p l i a n c e s  v a r i a b l e  S^,  i f  i n t e r p r e t e d  as t h e  number  o f  e x i ­
s t i n g  n a t u r a l  u n i t s ,  s u f f e r s  f ro m t h e  u n e c e s s a r i l y  r e s ­
t r i c t i v e  a s s u m p t i o n  t h a t  a l l  s t o c k  u n i t s  a r e  c o n s i d e r e d  
homogeneous w i t h  r e s p e c t  t o  c o n s u m p t i o n  c h a r a c t e r i s t i c s .  
T h i s ,  o b v i o u s l y ,  i s  an o v e r s i m p l i f y i n g  a s s u m p t i o n  t h a t  
i s  v e r y  r a r e l y  j u s t i f i e d  i n  t h e  case o f  most  e n e r g y  p r o -
There  m i g h t  a c t u a l l y  he some s m a l l  v a r i a t i o n  i n  X 
because t h e  e f f i c i e n c y  o f  some ( h e a t i n g )  a p p l i a n c e s  
f a l l s  ( X r i s e s  ) i f  t h e y  a r e  used r e l a t i v e l y  l i t t l e .
d u c t s ,  and p a r t i c u l a r l y  i n  t h e  case o f  p e t r o l .
To e x p r e s s  t h e  e x i s t i n g  s t o c k  o f  v e h i c l e s  i n  t e r ms  
o f  u n i t s  i n  use w ou ld  he e q u i v a l e n t ,  i n  t h e  e x t r e m e  c a s e ,  
t o  assuming  t h a t  t h e  p r o p o r t i o n '  o f  l a r g e  and s m a l l  c a r s  
mus t  be i n  a . c o n s t a n t  mi x  o v e r  t i m e .
I f  however  one a r gue s  t h a t  5^ i s  e x p r e s s e d  i n  t e r ms  
o f  e q u i v a l e n t  consuming. ,  u n i t s ,  t h u s  a c h i e v i n g  t h e  d e s i ­
r a b l e  h o m o g e n e i t y  c o n d i t i o n  w i t h  r e s p e c t  t o  S^ ,  c a n ­
n o t  be c o n s i d e r e d  any more as a f u n c t i o n  o f  t h e  r e a l  p r i ­
ce o f  gas and i nc o me ,  h u t  o f  t h e  a v e r a g e  c o n s u m p t i o n  
c h a r a c t e r i s t i c s  o f  t he  a p p l i a n c e s  as t he  d e r i v e d  e q u a t i o n  
( 4 . 2 . 4 ) shows.  The ahove examples  and c o n s i d e r a t i o n s ,  i t  
i s  hoped,  p r o v e  t h e  s u p e r i o r i t y  o f  d e f i n i t i o n  ( 4 . 2 . 5 ) .  .
Of c o u r s e ,  one m i g h t  a rg ue  t h a t  B a l e s t r a ’ s s i m p l i f i ­
c a t i o n  i s  i n e v i t a b l e  g i v e n  t h a t  d a t a  on t h e  c o n s u m p t i o n  
c h a r a c t e r i s t i c s  o f  t h e  a p p l i a n c e s  o r  r e l e v a n t  i n f o r m a t i o n  
t h a t  c o u l d  he used i n  o r d e r  t o  a p p r o x i m a t e  them a r e  p r o ­
b a b l y  n o t  a v a i l a b l e .  T h i s  i s  a v a l i d  a r g u m e n t .  However ,  
i t  does n o t  l i m i t  t h e  r e s p o n s i b i l i t y  o f  t h e  i n v e s t i g a t o r  
who has t o  p o i n t  o u t  t h a t  h i s  o m i s s i o n  m i g h t  g r e a t l y  a f ­
f e c t  t h e  e s t i m a t e s  he r e p o r t s .  T h i s  p o i n t ,  w h i c h  i s  o f  
c o n s i d e r a b l e  i m p o r t a n c e  g i v e n  t h a t  t h e  a u t h o r  s u g g e s t s  
t h e  use o f  h i s  model  i n  m a r k e t s  w i t h  s i m i l a r  . t e c h n o l o g i ­
c a l  c h a r a c t e r i s t i c s  ( t h a t  i s ,  m a r k e t s  fo. r  e n e r g y  p r o d u c t s )  
i s  n o t  r a i s e d . i n  B a l e s t r a ’ s s t u d y .  However ,  t h e  p r e v i o u s  
a n a l y s i s  s u g g e s t s  t h a t  a v a i l a b i l i t y  and u t i l i s a t i o n  o f  
t h i s  k i n d  o f  i n f o r m a t i o n  may o n l y  s t r e n g t h e n  t h e  r e l i a b i ­
l i t y  o f  t h e  e m p i r i c a l  e s t i m a t e s ,  s o m e t h i n g  w h i c h  i s  o f
p a ra mo u n t  i m p o r t a n c e  f rom a p o l i c y  p o i n t  o f  v i e w .  I f  f o r  
example  t h e  a u t h o r i t i e s  t h i n k  t h a t  v a r i a t i o n s  i n  t h e  
q u a n t i t y  demanded o f  p e t r o l  a r e  s o l e l y  due t o  v a r i a t i o n s  
i n  t h e  s t o c k  o f  v e h i c l e s  and t h e i r  r a t e  o f  u t i l i s a t i o n  
and no a t t e n t i o n  i s  p a i d  t o  p o s s i b l e  changes i n  t h e  d e s i ­
r e d  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e  s t o c k  o f  c a r s  i n  
u s e ,  i m p o s i t i o n  o f  a h i g h e r  t a x  p e r  g a l l o n  o f  p e t r o l  f o r  
c o n s e r v a t i o n  p u r p o s e s ,  i n  t h e  s h o r t - r u n  m i g h t  n o t  a f f e c t  
t h e  a v e r ag e  n o r ma l  u t i l i s a t i o n  ( m i l e a g e )  i f  t h i s  i s  i n -  
s e n s i t i v e  to  p e t r o l  p r i c e  c h ang es ,  u h i l e .  i t  may have a 
d e p r e s s i n g  i n f l u e n c e ,  i n  t h e  l o n g - r u n ,  on t h e  d e s i r e d  c o n ­
s u m p t i o n  c h a r a c t e r i s t i c s  (movement  t o w a r d s  c a r s  g i v i n g  
more m i l e s  p e r  g a l l o n ) .  Bu t  i f  t h e  home c a r  i n d u s t r y  i s  
n o t  f l e x i b l e  enough t o  meet  t h e  c h a n g i n g  d e s i r e s  o f  c o n ­
sumers and i s  n o t  g i v e n  the  o p p o r t u n i t y ,  t i m e w i s e ,  t o  
a d j u s t  a c c o r d i n g l y ,  t h e  p r o b a b l e  r e p e r c u s s i o n s  on t h e  
i n d u s t r y  and èven t h e  economy as a w ho l e  m i g h t  be r a t h e r  
s e r i o u s . *  The r e c e n t  i n c r e a s i n g  s h a r e  o f  t he  " s m a l l "  c a r  
i n  t he  m a r k e t ,  as w e l l  as t h e  emphas is  g i v e n  t o  t h e  c o n ­
s u m p t i o n  f e a t u r e s  o f  c a r s  i n  a l m o s t  a l l  a d v e r t i s e m e n t s
The m o t o r  i n d u s t r y  i s  e x t r e m e l y  i m p o r t a n t  t o  t h e  n a ­
t i o n a l  economy,  s i n c e  i t  a c c o u n t s  d i r e c t l y  f o r  some 
o f  t h e  n a t i o n a l  o u t p u t  and some 13% o f  v i s i b l e  
e x p o r t s .  See:  " S o c i e t y  o f  M o t o r  M a n u f a c t u r e r s  and 
T r a d e r s  L t d :  " E n e r g y  P o l i c y  and t h e  M o t o r  I n d u s t r y " ,  
O c t o b e r  1974.
i s  p r o b a b l y  t h e  b e s t  i n d i c a t i o n  o f  t h e  r e c e n t  s t r u c t u r a l  
c h a n ge s .  I t  seems t hen  t h a t  .a s u c c e s f u l  model  o f  demand 
f o r  p e t r o l  s h o u l d  he a b l e  to d e t e c t  t h e s e  c h ang es .
A f t e r  the  c l a r i f i c a t i o n  c o n c e r n i n g  t h e  c o n c e p t  o f  the 
t r u e  r a t e  o f  u t i l i s a t i o n  and t h e  i m p o r t a n c e  o f  t h e  c o n ­
s u m p t i o n  c h a r a c t e r i s t i c s  i t  may he s t a t e d  t h a t  hy d e f i ­
n i t i o n  :
The a c t u a l  q u a n t i t y  o f  p e t t o l  ( q ^ )  consumed hy any 
p e t r o l . -  powered m o t o r  v e h i c l e  ( h e r e a f t e r  r e f e r r e d  t o  
s i m p l y  as m o t o r  v e h i c l e )  d u r i n g  a c e r t a i n  p e r i o d  t ,  hy 
d e f i n i t i o n  i s  e q u a l  to  t h e  d i s t a n c e  t r a v e l l e d  i n  m i l e s  
(m^)  t i m e s  t h e  a v e r ag e  q u a n t i t y  o f  p e t r o l  consumed p e r  
m i l e  ( t h a t  i s ,  t h e  a ve r ag e  c o n s u m p t i o n  c h a r a c t e r i s t i c s )  
r 'f
-  /
9 t  -  " t  - ( 4 . 2 . 6 )
A c c o r d i n g l y ,  f o r  any g roup  o f  m o t o r  v e h i c l e s
^it ~ ^it '^it ‘^it .(^*2.7)
where
i s  t h e  t o t a l  q u a n t i t y  o f  p e t r o l  consumed hy 
a l l  m o t o r  v e h i c l e s  i n  g roup  i ,  d u r i n g  t .  
m^^ i s  t h e  a ve r ag e  t r u e  r a t e  o f  u t i l i s a t i o n  ( m i ­
l e a g e )  p e r  v e h i c l e  i n  g r oup  i ,  d u r i n g  t . 
i s  t h e  a v e r a g e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  
( i n  g a l l o n s  p e r  m i l e )  o f  t h e  " a v e r a g e "  
v e h i c l e  i n  g roup  i , d u r i n g  t ;  
and i s  t h e  t o t a l  s t o c k  o f  m o t o r  v e h i c l e s  i n  g r oup
i ,  d u r i n g  t .
The t o t a l  a n n u a l  c o n s u m p t i o n  o f  p e t r o l  i n  t h e  U n i t e d  
Kingdom i s  j u s t  t h e  sum o f  q u a n t i t i e s  consumed hy d i f ­
f e r e n t  c a t e g o r i e s  o f  m o t o r  v e h i c l e s ,  and may he d e f i n e d  
as (see t a h l e  13) ;
^ T t  "  ^ 1 t  *  G?t  ^ 3 t  ^ ^ 4 t  ^ 5 t  *  ^ 6 t  ( 4 . 2 . 8 )
where
= T o t a l  a n nu a l  c o n s u m p t i o n  o f  p e t r o l .
= Consumpt i on  hy p r i v a t e  c a r s  and vans and 
m o t o r  , c y c l e s ,
. = Consumpt i on  hy P u b l i c  s e r v i c e  v e h i c l e s  and t a x i s
■= " " ( p e t r o l  po we re d)  Goods v e h i c l e s
" S e r v i c e s  and o t h e r  Government
^ 5 t  ~ P e t r o l e u m  I n d u s t r y ’ s own c o n s u m p t i o n
and = M i s c e l l a n e o u s . *
For  o u r  p u r p o s e s  i t  seems r e a s o n a b l e  to  c o n s i d e r  t o ­
t a l  c o n s u m p t i o n  as c o m p r i s i n g  two p a r t s ,  c o r r e s p o n d i n g  t o  
t h e  most  p r e d o m i n a n t  c a t e g o r i e s ,  namely  c o n s u m p t i o n  hy 
p r i v a t e  c a r s  ( U^y )  and c o n s u m p t i o n  hy p e t r o l  powered  
c o m m e r c i a l  ( g o o d s )  v e h i c l e s  ( Q ^ ^ ) .  T h i s  s i m p l i f y i n g  
a s s u m p t i o n  i s  j u s t i f i e d  upon c o n s i d e r a t i o n  o f  t a b l e  14 
w h i c h  has been d e r i v e d  f r o m t a b l e  13 and shows t h a t  t h e
*  Not  f a l l i n g  i n  any o f  t h e  p r e v i o u s  c a t e g o r i e s .
TABLE 13
U. K. End -  use Consumot i on  o f p e t r o l  ( i n  t h o u s a n d t o n s )
Year V e h i c l e c l a s s * T 0 t  a 1
(I) (II) (III) ( I V ) (V) ( V I )
1955 3030 195 2648 305 27 35 6240
1 956 3140 170 2635 325 27 27 6324
1957 3040 135 2250 275 .21 ■ 24 . 5745
1.958 3636 125 2525 295 20 23 6624
1959 4292 112 2480 200 .18. 22 7124
1950 4813 108 2466 180 1 7 41 7 625
1961 5300 102 2515 190 14 22 8143
1962 5763 97 2491 180 12 22 8565
1963 6266 93 2456 175 10 44 9044
1964 7190 93 2491 18 5 8 45 10012
1965 7 951 ■ 87 2463 183 8 47 10739
1966 8620 80 2390 180 3 49 11322
1967 9360 80 2415 175 2 52 1 2084
1968 . 10070 80 2431 . 170 2 55 1 2808
1969 10460 80 2461 170 - 60 13231
1970 11 250 75 2454 173 - ■ 58 14010
1971 11940 75 2480 175 • ■ - 57 1 47 27
1972 12820 75 2520 178 .. - 55 15648
1973 13755 75 2600 1 7.5 . - 54 1 6659
*  I : P r i v a t e  c a r s  and vans and M o t o r c y c l e s
I I  : P u b l i c  s e r v i c e  v e h i c l e s and t a x i s
I I I  : Goods V e h i c l e s
I V : S e r v i c e s  .and o t h e r  Government
V : P e t r o l e u m i n d u s t r y  own use
V I : M i s c e l l a n e o u s
S o u r c e :  D i g e s t o f  UK Ener gy S t a t i s t i c s ,  v a r i o u s i s s u e s
(1954 -  1 9 7 6 ) .
two c a t e g o r i e s  a c c o u n t  For  a r oun d  98 p e r  c e n t  o f  t o t a l  
p e t r o l  c o n s u m p t i o n .
TABLE 14*
C onsumpt i on  o f  p e t r o l  
( i n  t h o u s a n d  t o n s )
by
Pr i v a t e  c a r s (. ) and Goods v e h i c l e s  ( Q_ ) as percen-P c
t a p e  o f  t o t a l  c o n s u m p t i o n  • 
( s e l e c t e d  y e a r s )
Year
1955 9 0 . 9 9
1960 9 5 . 4 6
1965 9 6 . 9 7
1969
1970
1971
1972
1973
9 7 . 6 6  
9 7 . 8 2  
9 7 . 9 2  
9 8 . 0 3  
9 8 .1 3
* D e r i v e d  f rom t a h l e  16.
On t h e  h a s i s  o f  wha t  has heen p r e v i o u s l y  s a i d  i t  may 
be s t a t e d  t h a t  :
( 4 . 2 . 9 )
A c c o r d i n g l y ,  t h e  r e l e v a n t  s t o c k s  o f  p r i v a t e  c a r s  (S . )
P ‘*
and goods v e h i c l e s  (S a r e  t a k e n  as c o r r e s p o n d i n g  to  
Q . and r e p e c t i v e l y .  S u b s t i t u t i n g  ( 4 . 2 . 8 )  i n t o  ( 4 . 2 . 9 )
and a s s i g n i n g  a p p r o p r i a t e  s u b s c r i p t s  to  t h e  v a r i a b l e s  one 
o b t a i n s  :
^ T t  "  '  Cpt  - S p t  + '  S e t  ( 4 . 2 . 1 0 )
E q u a t i o n  ( 4 . 2 . 1 0 )  may be c o n s i d e r e d  as the .  s t a r t i n g  
p o i n t  o f  t he  f o r m u l a t i o n  o f  d i f f e r e n t  h y p o t h e s e s  t o  he 
t e s t e d .  Most  o f  t h e  t e r ms  i n  ( 4 . 2 . 1 0 ) ,  h o we v er ,  are.  n o t  
d i r e c t l y  o b s e r v a b l e .  The p r o b l e m ,  t h e r e f o r e ,  i s  t o  l i n k  
non m e a s u r a b l e  hack to  measured v a r i a b l e s  by m a k i n g  a d d i t i o  
n a l  a s s u m p t i o n s .  As Branson  has p u t  i t :
" C h o o s i n g  the  r i g h t  a s s u m p t i o n s  and 
mak in g  t h e  r i g h t  l i n k a g e  i s  t h e  c r u c i a l  
a r t  i n  e m p i r i c a l  e c o n o m i c s " . *
IJhat  f o l l o w s  i s  j u s t  a modes t  a t t e m p t  t o w a r d s  t h e
p r a c t i c e  o f  t h i s  a r t .
L e t  us c o n s i d e r  i n  t u r n  t h e  f a c t o r s  a p p e a r i n g  i n
( 4 . 2 . 1 0 ) .  The r a t e s  o f  u t i l i s a t i o n  o f  v e h i c l e s  m . and .
. ■ P t
^ c t  nay he assumed t o  be f u n c t i o n s  o f  t h e  r e a l  p r i c e  o f
*  U ;H.  B r a n s o n :  " M a c r o ec o no m i c  T he o r y  and P o l i c y " ,  
op .  c i t . ,  p . 178.
p e t r o l  (PG^) and r e a l  i ncome p e r  c a p i t a  ( Y P K ^ ) . *
I t  i s  r e a s o n a b l e  to  t h i n k  o f  t h e  v a r i a b l e s  c , andp t
c ^ ^  as b e i n g  d e pe n d e n t  upon a l a r g e  number  o f  f a c t o r s  
such as t h e  age o f  t h e  c a r ,  t r a f f i c  and road  c o n d i t i o n s ,  
t e c h n o l o g y ,  e n g i n e  c a p a c i t y  and so on .  U n f o r t u n a t e l y  
mos t  o f  t h e s e  f a c t o r s  c a n n o t  he c o n s i d e r e d  s i n c e  r e l e v a n t  
i n f o r m a t i o n  does not .  e x i s t .  However ,  i n f o r m a t i o n  does 
e x i s t  r e f e r r i n g  t o  t he  e n g i n e  c a p a c i t y  d i s t r i b u t i o n  o f  
p r i v a t e  c a r s  and v an s .  T h i s  v a r i a b l e  may be used as p a r ­
t l y  e x p l a i n i n g  t h e  a v e r a g e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  
o f  t h e  p o p u l a t i o n  o f  t h i s  c a t e g o r y  o f  c a r s  d u r i n g  p e r i o d  
t . The ahove a p p r o x i m a t i o n  i s  n o t  a l t o g e t h e r  n a i v e .  I n ­
t u i t i v e l y  i t  seems r e a s o n a b l e  to  assume t h a t  as t h e  en­
g i n e  c a p a c i t y  o f  a c a r  i n c r e a s e s  t h e  amount  o f  m i l e s  g i ­
ven p e r  g a l l o n  d e c r e a s e s .  N e v e r t h e l e s s ,  a p a r t  f r o m  com­
mon sense t h e  p r e v i o u s  a s s u m p t i o n  has t o  he based on 
f a c t s  and t h i s  i s  done i n  t he  n e x t  s e c t i o n .
As f o r  t h e  s t o c k  f i g u r e s ,  t h e  number o f  p r i v a t e  c a r s  
CLnd vans i n  use as w e l l  as t h e  number o f  goods v e h i c l e s  
t h a t  a re  l e s s  t ha n  1% t o n s  o f  u n l a d e n  w e i g h t  a r e  t a k e n  
as a p p r o x i m a t i o n s o f  Sp^ and r e s p e c t i v e l y .  Df  c o u r s e
*  The o f f i c i a l  a n n u a l  m i l e a g e  p e r  v e h i c l e  e s t i m a t e s  
r e f e r  t o  p r i v a t e  c a r s  and t h e  w ho le  p o p u l a t i o n  o f  
goods v e h i c l e s  i n c l u d i n g  d i e s e l  powered goods v e h i ­
c l e s .  T h a t  i s  why t h i s  a p p r o x i m a t i o n  i s  made.  L a t e r ,  
t h e  m i l e a g e  e s t i m a t e s  r e l a t i n g  t o  p r i v a t e  c a r s  a r e  e x ­
p l i c i t l y  i n t r o d u c e d  i n  t h e  a n a l y s i s .
t h e s e  two v a r i a b l e s  do n o t  c o v e r  t h e  who l e  p o p u l a t i o n  o f  
p e t r o l  d r i v e n  v e h i c l e s .  N e v e r t h e l e s s  i t  i s  b e l i e v e d  t h a t  
t h e y  do c o n s t i t u t e  a r e a s on a b l e ,  a p p r o x i m a t i o n .  P r a g m a t i c  
and o t h e r  r e a s o n s  as w e l l  as e x i s t i n g  e v i d e n c e  may he ad­
vanced i n  s u p p o r t  o f  t h i s  t h e s i s .  F i r s t ,  i t  i s  i m p o r t a n t  
t o  r e a l i s e  t h a t . i n  o r d e r  t o  e x p l a i n  v a r i a t i o n s  i n  t h e  quan'  
t i t y  demanded o f  p e t r o l ,  c o n s i d e r a t i o n  o f  t h e  mos t  c r u c i a l  
f a c t o r s  i s  s u f f i c i e n t .  R e g a r d i n g  t h e  number o f  v a r i a b l e s  
t o  he i n c l u d e d  i n  t h e  a n a l y s i s  S c h u l t z  f o r  exampl e  s u g ­
g e s t s  t h a t
" A l t h o u g h  i n  t h e o r y  i t  -.is n e c e s s a r y  to  
d e a l  w i t h  t h e  demand f u n c t i o n  i n  a l l  i t s  
c o m p l e x i t y  i n  o r d e r  to  show t h a t  t h e  p r i c e  
p r o b l e m  i s  s o l u b l e ,  i n  p r a c t i c e  o n l y  a s m a l l  
a d v a n t a g e  i s  g a i n e d  hy c o n s i d e r i n g  more 
■ t h a n  t h e  f i r s t  few h i g h l y  a s s o c i a t e d  
v a r i a b l e s . " *
Second,  an a s s u m p t i o n  r e l a t i n g  to  S^^ had t o  he made 
s i n c e  i n f o r m a t i o n  on t h e  s t o c k  o f  p e t r o l - p o w e r e d  goods 
v e h i c l e s  i s  c o n s i d e r e d  as c o n f i d e n t i a l , * *  However , '  ap ­
p r o x i m a t i n g  S^^ by t h e  number o f  goods v e h i c l e s  l e s s  
t h a n  1^  t o n s  o f  u n l a d e n  w e i g h t  i s  l i k e l y  t o  he r e a s o n a b l e  
upon c o n s i d e r a t i o n  o f  t h e  f o l l o w i n g  two t a b l e s  (15  and 
1 6 ) .  From t h e s e  two t a b l e s  i t  can he seen t h a t  t h r o u g h -
•* S c h u l t z  ( q u o t e d  i n  Broome,  op .  c i t . ,  p .  8 0 ) .
* *  C ommu n i ca t i o n  w i t h  t h e  S t a t i s t i c s  D e p a r t m e n t  o f  t h e
S o c i e t y  o f  M o t o r  M a n u f a c t u r e r s  and T r a d e r s .  '
o u t  t h e  p e r i o d  1954-1973  t h e  number o f  new r e g i s t r a t i o n s  
o f  p e t r o l  d r i v e n  goods v e h i c l e s  a l m o s t  e x a c t l y  c o i n s i d e s  
u i t h  t h e  number o f  new r e g i s t r a t i o n s  o f  goods v e h i c l e s  
l e s s  t ha n  1 % t o n s  o f  u n l a d e n  w e i g h t .  T h i s  c o n s t i t u t e s  
a r ea son  t o  b e l i e v e  t h a t  t h e  . a s s u m p t i o n  made i s  j u s t i ­
f i e d .  Hence,  a f t e r  p r o v i d i n g  e v i d e n c e ,  i n  t h e  f o l l o w i n g  
s e c t i o n  c o n c e r n i n g  t h e  a s s u m p t i o n  made a b o u t  t h e  c o n ­
s u m p t i o n  c h a r a c t e r i s t i c s  o f  p r i v a t e  v e h i c l e s  we p r oc ee d ,  
t o  t h e  f o r m u l a t i o n  o f  t h e  f i r s t  h y p o t h e s i s  t o  he t e s t e d .
4 . 3 .  The r e l a t i o n s h i p  between c o n s u m p t i o n  c h a r a c t e r i s t i c s
and e n g i n e  c a p a c i t y  o f  c a r s .
I n  o r d e r  t o  t e s t  t h e  a s s u m p t i o n  r e f e r r i n g  t o  t h e  
r e l a t i o n s h i p  between c o n s u m p t i o n  c h a r a c t e r i s t i c s  ( e x ­
p r e s s e d  i n  m i l e s  p e r  g a l l o n )  and e n g i n e  c a p a c i t y  o f  c a r s , 
i n f o r m a t i o n  r e l a t i n g  t o  t h e s e  two f a c t o r s  was o b t a i n e d  
f r om one o f  t h e  e x i s t i n g  c a r  m a g a z i n e s . *
The amount  o f  m i l e s  g i v e n  p e r  g a l l o n  o f  p e t r o l * *  by 
a c a r  w i t h  s p e c i f i c  f e a t u r e s  was t a k e n  as a f u n c t i o n  o f  
i t s  e n g i n e  c a p a c i t y  and a s i m p l e  t w o - v a r i a h l e  r e g r e s s i o n  
was p e r f o r m e d .  Note  t h a t  i n  such a r e l a t i o n s h i p  t h e  
r e q u i r e m e n t s  o f  s i n g l e  e q u a t i o n  r e g r e s s i o n  a n a l y s i s  as 
a s t a t i s t i c a l  t e c h n i q u e  a re  s a t i s f i e d .  T h i s  i s  b ecaus e
*  M o t o r  Gu id e ,  A p r i l  1974,  Data  used a r c  g i v e n  i n
A p p e n d i x ..
* *  Based on m a n u f a c t u r e r s  t e s t s .
T ABLE 15
New R e g i s t r a t i o n s  o f  G e n e r a l  Goods V e h i c l e s  ( G r e a t  B r i t a i n )  
hy u n l a d e n  w e i g h t  ( n u m b e r )
Year n o t  o v e r  
12 c w t
12-16
cwt
16-1  t o n 1 ton-1% t o n s T;v t o n s  
o r  l e s s
A l l
v e h i c l e s
( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 )
1964
1965
1966
1967 
1960
1969
1970
1971
1972
1973
0 , 7 3 7
1 1 , 96 6
1 2 , 15 9
13 , 56 9
0 , 6 6 7
6 ,0 1 2
5 , 4 8 7
6 ,108
7.151
7 . 1 5 2
5 5 , 6 1 6  
5 1 ,9 70  
5 0 , 61 0  
5 1 ,397  
5 8 ,3 87  
6 2 , 39 9  
, 5 4 2  
, 4 5 9  
, 57 6  
778
64
64
72
72
3 1,658
2 8 ,8 4 3
2 2, 79 7
2 5 , 57 9
2 1 , 68 6
1 9 , 1 6 8
1 6 , 5 4 0
2 1 ,0 9 0
3 0 , 2 8 6
3 9 , 910 .
5 0 ,138  
5 1 ,3 63  
5 2 , 4 7 6  
4 7 ,3 7 4  
5 4 , 84 5  
5 8 ,2 13  
6 4 , 27 3  
6 8 ,8 0 3  
8 1 , 9 4 5  
8 5 , 8 5 6
1 4 6 , 1 49
1 4 4 , 1 4 2
1 3 8 , 0 4 2
1 3 7 , 9 19
1 4 3 , 5 8 5
1 4 5 , 7 9 2
1 5 0 , 8 4 2
1 6 0 , 4 6 0
1 9 1 , 958
2 0 5 , 6 9 6
2 2 4 , 8 1 7
2 2 1 , 4 8 8
220, 211
2 1 4 , 7 2 3
2 2 4 . 9 6 5  
2 3 4 , 3 0 8  
2 3 1 , 7 6 5  
2 30 , 161
2 6 1 . 9 6 5  
2 8 3 , 5 0 5
S o u r c e :  T r a n s p o r t  S t a t i s t i c s  o f  G r e a t  B r i t a i n ,  1964 -  1 97 4 ,  
HMSn, 1976,  p . 80 .
T ABLE 1 6
New R e g i s t r a t i o n s  o f  G e n e r a l  Goods V e h i c l e s  ( G r e a t  B r i t a i n  ) ,
hy t y p e  o f  f u e l  ( t h o u s a n d )
Year E l e c t r i c
( 1 )
P e t r o l
( 2 )
D i e s e l
( 3 )
AIT V e h i c l e s  
( 4 )
1964 2.1 1 45 .9  , 77.1 2 2 5 . 1
1965 2 . 2 1 4 3 . 9 7 5 . 5 2 2 1 . 6
1966 1 . 9 1 3 7 . 7 8 0 . 5 2 2 0 . 2
1967 1 .4 138.1 7 5 . 2 21 4. 7
1968 1 .7 141 . 6 8 1 . 6 2 2 4 . 9
1969 1.8 1 4 2 . 6 9 0 . 0 2 3 4 . 3  .
1970 1 . 4 1 45 . 9 8 4 . 5 2 3 1 . 8
1971 1 . 6 1 5 3 . 5 75.1 2 3 0 . 2
1972 1 . 5 185.1 7 5 . 4 2 6 2 . 0
1973 1 . 4 1 9 9 . 9 8 2 . 2 2 8 3 . 5
S o u r c e ;  T r a n s p o r t  S t a t i s t i c s  o f  G r e a t  B r i t a i n ,  1 9 6 4 - 1 9 7 4 ,  
HMSO, 197 6 ,  p . 8 0 .
t h e r e . i s  a c l e a r  one- way  r e l a t i o n s h i p  be tween t h e  e x p l a ­
n a t o r y  v a r i a b l e  EC^ ( e n g i n e  c a p a c i t y  o f  c a r  i )  and t h e  
d e pe n d e n t  v a r i a b l e  ( m i l e s  g i v e n  p e r  g a l l o n  o f  p e t r o l  
hy c a r  i ) .  F u r t h e r m o r e  t h e r e  a r e  no e r r o r s  i n v o l v e d  i n  
t h e  measurement  o f  t h e  exogenous v a r i a b l e  s i n c e  t h i s  i s  
ah e n g i n e e r i n g  c o n c e p t  t h a t  can he p r e c i s e l y  me asur ed .
The r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  t a b l e  17.
A l o o k  a t  t h i s  t a b l e  s u g g e s t s  two i m p o r t a n t  c o n c l u s i o n s :
i )  t h a t  t h e  a s s u m p t i o n  o f  t a k i n g  e n g i n e  c a p a c i t y  as 
a p r o x y  f o r  p a r t  o f  t he  a v e r a g e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  
o f  a c a r  i s  j u s t i f i e d *  and
i i )  t h a t  e n g i n e  c a p a c i t y  e x p l a i n s  a c o n s i d e r a b l e  p r o ­
p o r t i o n  o f  t h e  v a r i a t i o n  on t h e  d e p e n d e n t  v a r i a b l e  (51%)
p
as i n d i c a t e d  by t h e  v a l u e  o f  R j b u t  n o t  a l l  t h e  v a r i a ­
t i o n .  T h i s  r e s u l t  was e x p e c t e d  s i n c e  t he  r e l e v a n t  f a c t o r s  
o m i t t e d  f o r  l a c k  o f  i n f o r m a t i o n  ( su ch  as c a r  w e i g h t )  p l a y  
an e q u a l l y  c r u c i a l  r o l e  i n  t h e  d e t e r m i n a t i o n  o f  m i l e s ,  g i ­
ven hy a c a r  p e r  g a l l o n  o f  p e t r o l .
*
Note  t h a t  t h e  n e g a t i v e  c o e f f i c i e n t  o b t a i n e d  i m p l i e s  
a n e g a t i v e  r e l a t i o n s h i p  between e n g i n e  c a p a c i t y  and 
m i l e s  p e r  g a l l o n  o f  p e t r o l  o r ,  a l t e r n a t i v e l y  a p o ­
s i t i v e  r e l a t i o n s h i p  between e n g i n e  c a p a c i t y  'and 
g a l l o n s  p e r  m i l e .
TABLE 17
R e g r e s s i o n  e s t i m a t e s  s h o w i n g  t h e  r e l a t i n n s h i p  b e t w e e n  m i -  
l e s / q a l T o n  o f  p e t r o l  ( Z ^ )  and e n g i n e  c a p a c i t y  o f  c a r s  ( E.C^  )
( P r i m e s  d e n o t e  l o g a r i t h m s )
(zg' = + uf
( V a r i a b l e s  i n  d e v i a t i o n  f r o m  t h e i r  means) .
C o e f f i c i e n t  a .
E s t i m a  t e  -  . 5 0 9
t  v a l u e  ( 9 . 0 3 2 )
R^ = . 6 0 5
0 -  11/ s t  a t  i s t  i  c = 7 . 3 2
4 . 4  F o r m u l a t i o n  o f  h y p o t h e s e s
On t h e  b a s i s  o f  w h a t  has heen p r e v i o u s l y  s a i d ,  t h e  
f i r s t  h y p o t h e s i s  t o  he t e s t e d  i s  as f o l l o w s :
H y p o t h e s i s  A
" V a r i a t i o n s  i n  t h e  t o t a l ,  q u a n t i t y  consumed o f  p e t r o l  
. p e r  y e a r  (Oy^. ) may he e x p l a i n e d  i n  t e r m s  o f  v a r i a t i o n s  
i n  t h e  a v e r a g e  r e a l  p r i c e  o f  p e t r o l  ( Py ^ ) , *  r e a l  
d i s p o s a b l e  i n co me  p e r  c a p i t a  ( Y P K y ) ,  t h e  s t o c k  o f  
p r i v a t e  c a r s  and vans  i n  use  ( S P y ) ,  khe s t o c k  o f  
p e t r o l  d r i v e n  c o m m e r c i a l  goods v e h i c l e s  (S 'Cy) ,  and 
an e r r o r  t e r m  ( 0 ,^) r e p r e s e n t i n g  t h e  n e t  i n f l u e n c e  
o f  a l l  o t h e r  f a c t o r s  n o t  a c c o u n t e d  f o r  hy t h e  m o d e l "
I n  f u n c t i o n a l  f o r m  h y p o t h e s i s  A may be e x p r e s s e d  a s :
P T t ' =  e  P - t ,  YPK^,  ECt ,  SP^.  SC^, )
No te  t h a t  n o t  a l l  f a c t o r s  a p p e a r i n g  i n  t h e  abo v e  r e ­
l a t i o n s h i p  a r e  t r u l y  e x o g e n o u s ,  as a s i n g l e  e q u a t i o n  mo­
d e l  w o u l d  r e q u i r e .  The v a r i a b l e s  r e p r e s e n t i n g  t h e  r e ­
l e v a n t  s t o c k  ( s p y  and SOy) as w e l l  as e n g i n e  c a p a c i t y  
o f  p r i v a t e  c a r s  ( F C y )  a r e  t h e m s e l v e s  t h e  o u t c o m e s  o f  e c o ­
n o m i c  d e c i s i o n s  t a k e n  w i t h  r e s p e c t  t o  p r e v a i l i n g  c a r  p r i ­
c e s ,  i n co me s  and so o n .  A t  t h i s  s t a g e ,  h o w e v e r ,  t h e y  
a r e  t a k e n  as e x o g e n o u s .  An a t t e m p t  t o  show w h a t  d e t e r ­
m i n e s  t h e i r  l e v e l  i s  made l a t e r .
*  Two v e r s i o n s  o f  r e l a t i v e  p r i c e  o f  p e t r o l  w e r e  t r i e d ;  
P G y ,  t h a t  i s  a v e r a g  w e i g h t e d  p r i c e  o f  a l l  g r a d e s  
and P 2 y ,  t h a t  i s  a v e r a g e  w e i g h t e d  p r i c e  o f  " p r e m i u m "  
p e t r o l .
4 . 5  R o q r e s s i o n  r  n s li I t  s x-
A g a i n  t u o  m a t h e m a t i c a l  t e r m s ,  w i t h  t h e  v a r i a b l e s  
e x p r e s s e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean v a l u e s ,  u e r e  
t r i e d  as a p p r o x i m a t i n g  t h e  c o m p l e x  m a t h e m a t i c a l  f o r m  
o f  h y p o t h e s i s  A,  t h a t  i s  l i n e a r  and l i n e a r  i n  l o g a r i t h m s  
f o r m s .  The r e s u l t s ,  f r o m  t h e  p o i n t  o f  v i e w  o f  t h e  s i g n s  
o f  c o e f f i c i e n t s  as w e l l  as t h e i r  s t a t i s t i c a l  s i g n i ­
f i c a n c e ,  we re  v i r t u a l l y  t h e  same.  S i n c e  t h e  c o e f ­
f i c i e n t s  o f  t h e  d o u b l e  l o g a r i t h m i c  f o r m ,  r e p r e s e n t i n g  
t h e  r e l e v a n t  e l a s t i c i t i e s ,  a r e  e a s i e r  t o  i n t e r p r e t ,  
o n l y  t h e  e s t i m a t e s  r e l a t i n g  t o  t h i s  f o r m  a r e  p r e s e n t e d  
( s e e  t a b l e s  10 and 1 9 ) .
4 . 6  E v a l u a t i o n  o f  t h e  e s t i m a t e s
L o b k i n g a t  t h e . r e s u l t s  o b t a i n e d  one can see t h a t  
i n  b o t h  t a b l e s  f o u r  o u t  o f  f i v e  c o e f f i c i e n t s  have  t h e  
s i g n s  e x p e c t e d  on a p r i o r i  g r o u n d s .  The p r i c e  e l a s t i ­
c i t y  ( b o t h  v e r s i o n s )  i s  n e g a t i v e ,  and t h e  i n c o m e ,  p r i ­
v a t e  s t o c k  and e n g i n e  c a p a c i t y  e l a s t i c i t i e s  a r e  p o s l  - 
t i v e  as one w o u l d  have  e x p e c t e d .  T h i s  i s  n o t  t h e  c a ­
se t h o u g h  f o r  t h e  c o m m e r c i a l  c a r  s t o c k  v a r i a b l e  ( S C ^ ) .  
I t s  c o e f f i c i e n t  i s  n o t  i n  a c c o r d a n c e  w i t h  a p r i o r i  e x ­
p e c t a t i o n s .  One w o u l d  e x p e c t  t h a t  an i n c r e a s e  i n  t h e  
s t o c k  o f  c o m m e r c i a l  goods v e h i c l e s  w o u l d  b r i n g  an 
i n c r e a s e  i n  t h e  q u a n t i t y  demanded o f  p e t r o l .
A l l  d a t a  us ed  i n  t h i s . c h a p  1er  a l o n g  w i t h  t h e i r '  
s o u r c e s  a r e  g i v e n  i n  t h e  A p p e n d i x .
T A B L E . 18
U . K .  M a r k e t  Demand f n r  P e t r o l  19BB -  1973
H y n n t  h n s i s  A . 1 Ç w .1 t  h t  n t  a 1 a n n i ra 1 a v e r  a ne p r i e n  n f  p e t  r o 1 ( l-> G ^)3.  
( V a r i a b l e s  i n  d e v i a t i o n s  f rom t h e i r  mean v a l u e )
Lnq^t = a^ln(PG^) + a^^ntYPK^) + a2ln(SP^) +a^lnCSC^) t a^lnfEC^
E l a s t i c i t i e s  a,  ^ a^ -
- . 4 8 0  .312  J352 - . 4 4 5  1 .1 6 4
t - v a l u e s  ( 1 . 6 3 5 )  ( . 5 3 l )  ( 5 . 4 4 7 )  ( 1 . 7 8 2 )  ( I . 8 8 I )
= / . 9 9 3  
D = 1 . 2 5
TABLE 19
U . K . M a r k e t  Demand f o r  P e t r o l  1955 -  1973
H y p o t h e s i s  A . 2 C u i t h  a n nu a l  a v e r ag e  p r i c e  o f  premium
p e t r o l  ( P 2 ^ ) ] ^
( V a r i a b l e s  i n  d e v i a t i o n s  f rom t h e i r  mean v a l u e )
LnO^^ = b ^ l n ( P 2 ^ )  + b ^ l n ( Y P K ^ )  + b ^ l n ( 5 P ^ )  + b ^ l n ( S C ^ )  + b g l n ( E C
E l a s t i c i t i e s  a a a „1 2 3 a^
- . 3 9 0  . 366  .834 - . 4 6 4  1 . 0 6 5
t - v a l u e s  (1 . 3 0 2 )  ( . 5 9 6 )  (.5. 145)  (1 . 7 6 2 )  ( I . 6 8 6 )
= .993 
D = 1 .3 3
S e v e r a l  r e a s o n s  may be o f f e r d  t o  e x p l a i n  t h e  d i s a p ­
p o i n t i n g  p e r f o r m a n c e  o f  v a r i a b l e  SC^.  F i r s t ,  i t  i s  p o s ­
s i b l e  t h a t  t h e  way i t  was a p p r o x i m a t e d  (see.  page  112 and 
t a b l e s  15 and 16)  may n o t  be a p p r o p r i a t e .  I t  m i g h t  be 
t h a t  some goods  v e h i c l e s  u n d e r  14 t o n s  u n l a d e n  w e i g h t  
a r e  d i e s e l  p o w e r e d .  I f  t h i s  number  i s  s i g n i f i c a n t  o u r  
a p p r o x i m a t i o n  t o  SC^ w i l l  o v e r e s t i m a t e  i t s  s i z e .  On t h e  
o t h e r  h a n d ,  i f  a s i g n i f i c a n t  number  o f  goods  v e h i c l e s  
o v e r  1.4 t o n s  u n l a d e n  w e i g h t  a r e  p e t r o l  p o w er e d  t h e n  o u r  
SC. v a r i a b l e  w i l l  u n d e r e s t i m a t e ,  t h e  r e a l  s t o c k  o f  p e t r o l  
d r i v e n  goods v e h i c l e s .  T t  m i g h t  a l s o  be t h a t  t h e  ( u n ­
k n o w n )  r e a l  s t o c k  o f  pe t r o 1 d r i v e n  c o m m e r c i a l  v e h i c l e s  
has r e m a i n e d  f a i r l y  c o n s t a n t  o v e r  t h e  p e r i o d  u n d e r  c o n s i ­
d e r a t i o n .  C o n s i d e r  f o r  e x am p l e  t h e  h y p o t h e t i c a l  s i t u a ­
t i o n  whe re  t h i s  c a t e g o r y  d i d  r e m a i n  c o n s t a n t  as a r e s u l t  
o f  t h e  c o n s i d e r a b l e  s w i t c h  o v e r  o f  c o m m e r c i a l  c u s t o m e r s  
t o w a r d s  d i e s e l  d r i v e n  v e h i c l e s . % I n  t h i s  c a s e ,  c o n s i d e -  
r a t i o n  o f  t h i s  v a r i a b l e  i n  t h e  r e l a t i o n s h i p  f o r m u l a t e d  
w o u l d  be e q u i v a l e n t  t o  t r y i n g  t o  d e t e r m i n e  t h e  i n f l u e n c e  
on t h e  demand f o r  p e t r o l  o f  a f a c t o r  t h a t  showed no v a ­
r i a t i o n  o v e r  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n .  Such a 
p o s s i b i l i t y  may n o t  be as u n r e a l i s t i c  as i t  s o u n d s .  A 
l o o k  a t  t a b l e  13 s h o w i n g  c o n s u m p t i o n  o f  p e t r o l  by end
*  T a k i n g  i n t o  a c c o u n t  t h e i r  a v e r a g e  c o n s u m p t i o n  c h a r a ­
c t e r i s t i c s  as w e l l ,  t h a t  i s  e x p r e s s i n g  t h e  s t o c k  i n  
t e r m s  o f  " c o n s u m i n g  e q u i v a l e n t  u n i t s ” .
u s e ,  s u g g e s t s  t h a t  c o n s u m p t i o n  by goods v e h i c l e s  r e m a i n e d  
r e m a r k a b l y  c o n s t a n t  o v e r  t h e  p e r i o d  1 9 5 5 - 1 9 7 3 ,  B u t  s i n c e  
t h e  q u a n t i t y  consumed as p o s t u l a t e d  i s  j u s t  t h e  j o i n t  
e f f e c t  o f  t h e  r a t e  o f  u t i l i s a t i o n ,  t h e  a v e r a g e  c o n s u m p t i o n  
c h a r a c t e r i s t i c s  and t h e  r e l e v a n t . s t o c k  o f  v e h i c l e s ,  t h e  
r e l a t i v e  c o n s t a n c y  o f  t h e  q u a n t i t y  o f  p e t r o l  a t t r i b u t e d  t o  
t h i s  c a t e g o r y  o f  v e h i c l e s  may o n l y  be d u e to  r a t h e r  p e ­
c u l i a r  c han ges  i n  t h o s e  f a c t o r s .  U n f o r t u n a t e l y ,  f o r  r e a ­
sons  p r o v i d e d  e a r l i e r ,  n o . f u r t h e r  i m p r o v e m e n t  may he made 
t o w a r d s  a more  s u c c e s s f u l  a p p r o x i m a t i o n  o f  t h e  " c o m m e r c i a l ” 
p a r t  o f  t h e  p o s t u l a t e d  r e l a t i o n s h i p .
Se c on d ,  t h e  d e g r e e  o f  c o l l i n e a r i t y  b e t w e e n  SC^. and 
t h e  o t h e r  v a r i a b l e s  i n c l u d e d  i n  t h e  e q u a t i o n . i s  q u i t e  
h i g h  ( t a b l e  2Cl) and t h i s ,  p a r t i c u l a r l y  i n  c as es  o f  e r r o r s  
o f  s p e c i f i c a t i o n  ( t h a t  a r e  a l m o s t  u n a v o i d a b l e ) ,  m i g h t  be 
t h e  s o u r c e  o f  t h e  u n e x p e c t e d  e s t i m a t e  o f  t h e  e l a s t i c i t y  o f  
Upon t h e s e  c o n s i d e r a t i o n s  5Cr was d r o p p e d  f r o m  t h e  e q u a t i o n s .
[  20
C o r r e l a t i o n  c o e f f i c i e n t s  ( r ' s )  b e t we e n  SC^ and each  o f  t h e  
e x p l a n a t o r y  f a c t o r s  i n  h y p o t h e s i s  A . .
PGt YPKt SPt
SCj. - . 9 0 4  - . 9 2  . 95 2  .947 - .0 ,65
The above  d e c i s i o n  i m p l i e s  t h a t  i t  i s  l i k e l y  t h a t  t h e  
r e l i a b i l i t y  o f  t h e  e s t i m a t e s  w i l l  be i n c r e a s e d  i f  i t  i s  
assumed t h a t  : . •
V a r i a t i o n s  i n  t h e  quan t i  t y  consumed o f  p e t r o l  
( U y ) ^  may be e x p l a i n  'd i n  t e r m s  o f  v a r i a t i o n s
i n  p e t r o l  p r i c e  ( P ^ y ) ,  i n c o me  p e r  c a p i t a  ( Y P K ) . ,  
e n g i n e  c a p a c i t y  ( E C ) ^ ,  and s t o c k  o f  t h e  m o s t  
p r e d o m i n a n t  c a t e g o r y  o f  p e t r o l  d r i v e n  m o t o r  
v e h i c l e s ,  t h a t  i s  p r i v a t e  c a r s  and vans  ( 5 P ) .
T h i s  c o n s t i t u t e s  t l i e  n e x t  h y p o t h e s i s  t o  he t e s t e d  
( h y p o t h e s i s  13). H y p o t h e s i s  B may be. f o r m u l a t e d  i n  s e ­
v e r a l  d i f f e r e n t  wa ys ,  d e p e n d i n g  on how t h e  r e l e v a n t  e x p l a ­
n a t o r y  f a c t o r s  e n t e r  t h e  p o s t u l a t e d  r e l a t i o n s h i p .
F i r s t  ( w i t h  . t he  v a r i a b l e s , '  as b e f o r e ,  e x p r e s s e d  i n  
l o g a r i t h m i c  f o r m  and i n  d e v i a t i o n s  f r o m  t h e i r  mean v a l u e s ) ,  
a s :
B 1 ; L n ( Q y ) y  = a ^ l n ( P y y )  + a^ l n (YPK. j . )  + a ^ l n ( E C ^ )  + a ^ l n ( S P ^ )  + I n e
Se cond ,  t h e  p r i v a  t o  s t o c k  v a r i a b l e  ( SP^ )  may be e x ­
p r e s s e d  i n  t e r m s  o f  " e q u i v a l e n t  u n i t s "  a f t e r  m u l t i p l y i n g  
t h e  number  o f  p r i v a t e . c a r s  ( i n  p h y s i c a l  u n i t s )  by t h e  a v e ­
r a g e  e n g i n e  c a p a c i t y  (EC^ )  o f  t h e  p o p u l a t i o n  o f  c a r s  
f o r  e v e r y  p e r i o d ,  and d i v i d i n g  t h e  r e s u l t i n g  s e r i e s  by 
10n0 C . C . *  The s e r i e s  o b t a i n e d  w i l l  be t h e  s t o c k  o f  p r i ­
v a t e  c a r s  e x p r e s s e d  i n  " 1 BBO cc  c a r  e q u i v a l e n t s " .  I n  
t h i s  cas e  one assumes t h a t :
B 2 : L n ( B y ) t  “  a ^ l n ( P ^ ^ )  + a ^ l n ( Y P K y )  + a ^ l n ( S P ^ )  + I n u ^  
where
r>J
S'P. =
s p t  • e g .
m o n
•X- T h i s  n um be r ,  b e i n g  a c o n v e n t i o n a l  m e a s u ^ m e n t ,  may bo 
s e t  a t  any l e v e l .  I h e . a r g u m o n t  r e m a i n s  t h e  same.
T h i r d ,  r e c a l l  t h a t  i n  s e c t i o n  4 . 3 ,  wh e r e  t h e  r e l a t i o n '  
s h i p  b e t we e n  c o n s u m p t i o n  c h a r a c t e r i s t i c s  ( e x p r e s s e d  i n  
m i l e s  p e r  g a l l d . n )  and e n g i n e '  c a p a c i t y  was t e s t e d ,  i t  was 
f o u n d  t h a t  a 1;':’ i n c r e a s e  i n  e n g i n e  c a p a c i t y  o f  a c a r  was 
o n t  h e a \/ e r  a g e a s s o c i  a t  e r J • w i  t h  an a [3 p r o x  i  m a t e  . d e c r e a ­
se i n  m i l e s  g i v e n  p e r  g a l l o n  o r ,  w h a t  amoun ts  t o  t h e  s a ­
me t h i n g ,  w i t h  a . .  5p' i n c r e a s e  i n  g a l l o n s  p e r  m i l e .  I f ,  
u s i n g  t h i s  e x t r a n e o u s  i n f o r m a t i o n ,  i t  i s  assumed t h a t  
s u c h  a r e l a t i o n s h i p  h o l d s  f o r  t h e  p o p u l a t i o n  o f  c a r s ,  one 
may p o s t u l a t e  t h a t :
B3: Ln = a.^ ln( t>yy)  H a ^ l n ( Y P K ^ )  + a ^ l n ( S ' Py )  + 1 n v^
w h e r e  :
L n ( Q ^ )  = -  . 5 , l n ( £ C ^ )
E s t i m a t i o n  o f  t h e  v a r i o u s  v e r s i o n s  o f  h y p o t h e s i s  R# 
gave t h e  r e s u l t s  r e p o r t e d  i n  t a b l e s  2 1 - 2 6 .  ■
G i v e n  t h e  r e l a t i v e  c o n s t a n c y  o f  c o n s u m p t i o n  by  goods
v e h i c l e s ,  a n o t h e r  r e a s o n a b l e  f o r m u l a t i o n  w o u l d  be t o  
r e d e f i n e  t h e  d e p e n d e n t  v a r i a b l e  as (Q-j-y -  K) w h e re  
K (a c o n s t a n t )  s t a n d s  f o r  c o n s u m p t i o n  by goods  
v e h i c l e s .  T h i s  i s  done i n  c h a p t e r  5.
TABLE 21
U . K .  M a r k e t  Demand f o r  P e t r o l ,  1955'  -  1973 
H y p o t h e s i s  B.  l a
( ' w i t h  t o t a l  a n n u a l  a v e r a g e  p r i c e  o f  p e t r o l ,  PG^)  ,
I nq.|.^ = a .j . ln ,( lM '.p  +  a ^ \ n ( Y P K ^ )  + a , ^ l n ( S P p  + a ^ l n ( C C ^ )  + I n n ^
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t . h e i r  mean o b s e r v e d  
v a l u e .
E l a s t i c i t i e s  a .  a_ a „  a .
I ^  U  M
E s t i m a t e s  - . 3 8 9  - . 3 5 0  . 9 7 0  2 . 0 0 2
t - v a l u e s  ( 1 . 2 5 1 )  ( . 7 1 4 )  ( 6 . 3 7 8 )  ( 4 . 6 2 5 )
= . 9 9 2  
D-U s t a t i s t i c  = 1 . 2 5 3
TABLE 22
U . K .  M a r k e t  Demand f o r  P e t r o l ,  1955 -  197 3 
H y p o t h e s i s  0 .  1b
( w i t h  a n n u a l  a v e r a g e  p r i c e  o f  p r em i um p e t r o l ,  P 2, )
LnQyy = a ^ l n ( P 2 ^ )  a ^ l n ( Y P K y )  + a ^ l n ( S P ^ )  + a ^ l n ( E C ^ )  + I n e ^
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean o b s e r v e d  
v a l u e .
E l a s t i c i t i e s  a.  a_ a „  a .1 I  3 4
E s t i m a t e s  - . 2 5 3  - . 2 4 4  . 9 4 0  1 . 9 0 8
t - v a l u e s  ( . 8 1 4 )  ( . 4 4 9 )  ( 5 . 8 3 3 )  ( 4 . 3 1 2 )
?  ■R -  .991
D-U s t a t i s t i c  = 1 . 3 6 2
TABLE 23
U.K-.  M a r k e t  Demand f n r .  P e t r o l .  1955 -  1 973 
H y n o t h e s i s  R. 2a
( .w i t h  t o t a l  a n n u a l  averar jG p r i c e  o f  p e t r o l ,  PD^)
L n ( Q y y )  .= a ^ l n ( P G y )  + a ^ l n f Y P K ^ )  + a ^ l n ( S P ^ )  + In Uy
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean o b s e r v e d  
v a l u e . •' .
E l a s t i c i t i e s  ■ a  ^ a ^  a^
E s t i m a t e s  - .DDR . 3 5 3  . 6 9 6
t - v a l u e s  ' ( . 0 2 3 )  ( . 6 4 0 )  ( 4 . 4 1 4 )
= .986  
D-U s t a t i s t i c  = 1 . 1 0 6
TABLE 24
U . K .  M a r k e t  Demand f o r  P e t r o l .  1955 -  1973 
H y p o t h e s i s  B.  2b
( w i t h  a n n u a l  a v e r a g e  p r i c e  o f  p r em i um p e t r o l ,  P 2 y )
L n ( Q y y )  = a ^ l n ( P 2 y )  + a ^ l n ( Y P K y )  + a.^1 n ("SP^) 4 I n u ^
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean o b s e r v e d  
v a l u e
E l a s t i c i t i e s  a.  a,, a „1 2 3
E s t i m a t e s  . 06 4  . 4 4 2  . 67 9
t - v a l u e s  ( . 1 8 0 )  ( . 7 3 4 )  ( 4 . 1 3 9 )
R^ = .986
D-U s t a t i s t i c  = 1 . 2 0 4
TARI . f -  ?S
U . K .  M a r k e t  Demand f n r  P n t r o ] ,  1955 -  1973 
U V p o t h e s t a  U. 3 a
( i . / i t h  t o t a l  a n n u a l  a v e r a g e  p r i c e  o f  p e t r o l ,  lUi^ )
L n ( q ^ ^ )  = a ^ l n ( P G ^ )  + a ^ i n ( Y P K p  *  E y l n ( S P ^ )  + l n u ^  ■
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean o b s e r v e d  
v a l u e *
E l a s t i c i t i e s  a^ a^ ay
E s t i m a t e s  . - . 2 5 2  . 6 6 5  . 7 9 2
t - v a l u e s  ( . 5 5 6 )  ( l . 1 D 4 )  ( 5 . 0 0 3 )
9 ■ ;
n r  = . 9 8 7
D-U s t a t i s t i c  = 1 . 3 0 4
TABLE 26
U . K .  M a r k e t  Demand f o r  P e t r o l ,  1955 -  1973 
H y p o t h e s i s  È . 3b
( w i t h  a n n u a l  a v e r a g e  p r i c e  o f  p r emium p e t r o l ,  P 2 . )
r>J
I n  ( O y y ) = o ^ l n ( P 2 y )  t  a ^ l n ( Y P K ^ )  + a ^ l n ( 5 P y )  + l n V y
V a r i a b l e s  d e f i n e d  i n  d e v i a t i o n s  f r o m  t h e i r  mean o b s e r v e d  
V  a 1 u e .
E1 a s t  i  c i  t i e s  a . a a -
I /  3
E s t i m a t e s  - . 1 1 6  . 7 5 4  . 7 8 0
t - u a l u e s  ( . 2 5 9 )  ( 1 . 1 3 7 )  ( 4 . 7 3 2 )
= .9B7
D-U s t a t i s t i c  = 1 . 4 3 7
A c u r s o r y  l o o k  a t  t h e  r e s u l t s  d e r i v e d  s u f f i c e s  t o  show 
t h a t  h y p o t h e s i s  R d i d  n o t  l e a d  t o  any  s i g n i f i c a n t  i m p r o ­
vemen t  o v e r  h y p o t h e s i s  A, d e s p i t e  t h e  a p p a r e n t l y  r e a s o n a ­
b l e  f o r m u l a t i o n ^ . .
The p r i c e  c o e f f i c i e n t s  i n  a l l  b u t  one c as e  ( B . 2 b )  a s ­
sume t h e  c o r r e c t  s i g n .  H o w e v e r ,  i n  o n l y  one case  ( G . 1 a )  
does t h e  v a l u e  o f  : t h e  c o e f f i c i e n t  e x ce e d  t h e  v a l u e  o f  i t s  
. s t a n d a r d  e r r o r .
The p e r f o r m a n c e  o f  t h e  i n c o m e  c o e f f i c i e n t  i s  even  w o r s e .  
I n  two e q u a t i o n s  ( H . T a  and H . l b )  i t  a p p e a r s  w i t h  a n e ­
g a t i v e  s i g n ,  i m p l y i n g  an i n v e r s e  r e l a t i o n s h i p  b e t w e e n  
q u a n t i t y  demanded and i n c o m e .  I n t u i t i v e l y , ,  s u c h  a c o n c l u ­
s i o n .  seems u n r e a l i s t i c .  . I n  a l l  o t h e r  c as es  i t s  s i g n  i s  . , 
i n  a c c o r d a n c e  w i t h  a p r i o r i  e x p e c t a t i o n s  b u t  i n  o n l y  two 
c a se s  ( B . 3 a  and B . 3 b )  does  i t s  m a g n i t u d e  e x ce e d  t h e  
v a l u e  o f  t h e  c o r r e s p o n d i n g  s t a n d a r d  e r r o r .
I n  a l l  c a se s  t h e  p r i  va t e  s t o c k  and e n g i n e  c a p a c i t y  
c o e f f i c i e n t s  e x h i b i t  t h e  c o r r e c t  s i g n s  and t h e y  a r e  s t a ­
t i s t i c a l l y  s i g n i f i c a n t .  N e v e r t h e l e s s ,  t h e  m a g n i t u d e  o f  
t h e i r  e l a s t i c i t i e s  i n  c as es  B . 1 a  and B . 1 b  seem u n r e a s o ­
n a b l y  h i g h .  lilhen t h e  i n f l u e n c e  o f  a v e r a g e  e n g i n e  c a p a ­
c i t y  i s  e xa m i n e d  i n d i r e c t l y  ( e q u a t i o n  G.2a and B . 3 b )  t h e  
s t o c k  o f  c a r s  c o e f f i c i e n t  a p p e a r s  more r e a s o n a b l e .
The o v e r a l l  c o n c l u s i o n  seems t o  be t h a t  t h e  e s t i m a t e s  
o b t a i n e d  a r e  v e r y  s e n s i t i v e  t o  d i f f e r e n t  f o r m u l a t i o n s ,  
s i n c e  t h e i r  v a l u e s  chang?: r a t h e r  d r a s t i c a l l y  as.  a r e s u l t  
. o f  a l t e r n a t i v e  f o r m u l a t i o n s .  T h i s  i n s t a b i l i t y  i s  l i k e l y
t o  be due e i t h e r  t o  t h e  u s u a l  p a t h o l o g i c a l  F e a t u r e s  o f  
t i m e  s e r i e s  a n a l y s i s ,  n a m e l y  m u l t i c o l l i n e a r i t y  o r  t o  t h e  
way t h e  p r o b l e m  was a p p r o a c h e d .  ■
As t o  t h e  f i r s t  p o s s i b i l i t y ,  i t  i s  g e n e r a l l y  a c c e p t e d  
t h a t  " t h e r e  i s  no known d e v i c e  t o  c u r e  m u l t i c o l l i n e a r i t y " . '  
H o w e v e r ,  a t t e m p t s  a i m i n g  a t  o v e r c o m i n g  t h e  p r o b l e m  have  
n e v e r  s t o p p e d  and h e r e  two m e t h od s  t h a t  have  been p r o ­
pos ed  may be ment i oned:%'%
i )  C o m b i n a t i o n  o f  c r o s s - s e c t i o n  o b s e r v a t i o n s  w i t h  t i m e  
s e r i e s  d a t a  ( b y  d i v i d i n g  t h e  U n i t e d  K i n g d o m ,  f o r  e x a m p l e ,  
i n t o  i t s  f o u r  c o n s t i t u e n t  p a r t s ) .  U n f o r t u n a t e l y ,  m o s t  o f  . 
t h e  r e q u i r e d  i n f o r m a t i o n  does  n o t  e x i s t  i n  t h e  d e s i r e d  
f o r m .
i i )  I n t r o d u c t i o n  o f  a d d i t i o n a l  e q u a t i o n s  i n  t h e  
m o de l .
" M u l t i c o l l i n e a r i t y  may be o v e r c o m e  I f  we 
i n t r o d u c e  a d d i t i o n a l  e q u a t i o n s  i n t o  o u r  
mode l  t o  e x p r e s s  m e a n i n g f u l l y  t h e  r e l a t i o n s h i p s  
b e t w e en  t h e  m u J . t i c o l l i n e a r  X ’ s .  When l o o k i n g  
a t  t h e  s e t  o f  e x p l a n a t o r y  v a r i a b l e s  one i s  a b l e ,  
i n  m os t  c a s e s ,  t o  f i n d  r e l a t i o n s h i p s  b e t w e e n  
t h e  X*s  ( and  o t h e r  new v a r i a b l e s )  w h i c h  
make e c o n o m i c  s e n s e .  Ry e x p l i c i t l y  f o r m u l a t i n g
•X - U . S .  C r a m e r ,  o p .  c i t . ,  p .  102 .
'<■ F o r  a c o m p r e h e n s i v e  summary o f  o t h e r  a t t e m p t s  see 
A.  K o u t s o y i a n n i s ,  o p .  c i t . ,  p . p .  2 2 5 - 2 4 5 .
t h e s e  r e l a t i o n s h i p s  one can f o r m  a 
s i m u l t a n e o u s - e q u a t i o n  mode l  u h i c h , . . .
• . . .  con ho os, 1: ima t.nd w i t h  a s i  mu 1 [.annou s 
e q u a t i o n  t e c h n i q u e " . x
The s e c o n d  p o s s i b i l i t y  i s  a more f u n d a m e n t a l  one and . 
amoun ts  t o  q u e s t i o n i n g  t h e  v a l u e  o f  s i n g l e  e q u a t i o n  m o d e l s '  
i n  t h e  case  o f  e n e r g y  p r o d u c t s .  A l t h o u g h  s i m p l e  t o  wo rk  
w i t h ,  s i n g l e  e q u a t i o n  m o d e l s  a r e  i n e v i t a b l y ,  r e d u c e d  f o r m s  
o f  more c o m p l e x  s y s t e m s  v i a  w h i c h  an a t t e m p t  i s  made t o ­
w a r ds  a p p r o x i m a t i o n  o f  r e a l i t y .  I n  t h e  case  o f  p r o d u c t s  
t h a t  a r c  p e r i s h a b l e  a n d , p r o v i d e  s a t i s f a c t i o n  d i r e c t l y ,  on 
t h e  a s s u m p t i o n  t h a t  s u p p l y  c o n s i d e r a t i o n s  may he n e g l e c t e d  
( s e e  page b l ) ,  s i n g l e  e q u a t i o n  m o d e l s  w o u l d  be l e g i t i m a t e  
and p o s s i b l y  t h e  o n l y  c h o i c e  a v a i l a b l e .  T h i s  does  n o t  
seem t o  he so i n  t h e  case  o f  p r o d u c t s  t h a t  do n o t  p r o v i d e  
d i r e c t  s a t i s f a c t i o n  and wh er e  demand f o r  t e c h i c a l  r e a s o n s ,  
depends  t o  a s i g n i f i c a n t  e x t e n t  on t h e  u n d e r l y i n g  s t o c k  
o f  t h e  r e l e v a n t  c o n s u m i n g  , e q u i p m e n t . H e r e ,  t h e  i n f l u e n c e s  
o f  p r i c e s  and i n co me  has t o  be i n v e s t i g a t e d  b e a r i n g  i n  
m i nd  t h e , p o s s i b i l i t y  o f  t h e  m u l t i p l e  c h o i c e s  w i t h  w h i c h  
iJ ie c ons ume r  i s  f a c e d .  M o r e o v e r ,  t e c h n o l o g i c a l  c o n s i d e ­
r a t i o n s  c o u l d  p r o v i d e  an a d d i t i o n a l  c o n s t r a i n t  o f  s i g n i ­
f i c a n t  a n a l y t i c a l  v a l u e .  These  i d e a s ,  t h a t  a r e  d i c t a t e d  
by t h e  two p o s s i b i l i t i e s  m e n t i o n e d  a b o v e ,  may be i n v e s -
■ X - A. K o u t s o y i a n n i s ,  " T h e o r y  o f  E c o n o m e t r i c s " , , p ^243
t i g a t e d  t h r o u g h  t h e  f o r m u l a t i o n  o f  an e q u a t i o n  s y s t e m .  
T h i s  i s  t h e  o b j e c t  o f  t h e  s u b s e q u e n t  c h a p t e r .
B e f o r e  we move on t o  d i s c u s s  th is  [ i r o b l e m ,  h o w e v e r ,  we 
s h o u l d  n o t e  t h a t  t h e  comments  r e l a t i n g  t o  t he  p r a c t i c a l  
u s e f u l n e s s  o f  s i n g l e  e q u a t i o n s  a r e  n o t  i n c o n s i s t e n t  w i t h  
o u r  p r e v i o u s  a n a l y s i s  a b o u t  i d e n t i f i c a t i o n  ( pa ge  51 ) .
I t  was a r g u e d  t h e r e  t h a t  s i n c e  p r i c e  c o u l d  be c o n s i d e r e d  
as an e x o g en ou s  v a r i a b l e ,  a d e m a n d - s u p p l y  mode l  was n o t  
r e q u i r e d .  Upon t h i s  c o n s i d e r a t i o n ,  we w e n t  on t o  r e ­
c o g n i s e  t h a t  t h e  s o u r c e  o f  t r o u b l e  o f  t h e  n a i v e  p r i c e  i n ­
come,  mode l  u a s  t h e  n e g l e c t  o f  s t o c k  c o n s i d e r a t i o n s .
These we re  t a k e n  i n t o  a c c o u n t  by t h e  i n t r o d u c t i o n  o f  
s t o c k  (and  o t h e r )  v a r i a b l e s  w h i c h ,  a t  t h a t  s t a g e ,  we re  
assumed e xo g e n o u s  ( s e e  page 118 ) .  I t  i s  p r e c i s e l y  t h e  
e x p l i c i t  r e c o g n i t i o n  t h a t  t h e s e  v a r i a b l e s  a r e  e n d o ge n ou s  
( t h a t  i s ,  g e n e r a t e d  by some U n d e r l y i n g  s t r u c t u r e )  t h a t  
c r e a t e s  t h e  need- f o r  a s y s t e m  o f  e q u a t i o n s .
C h a p t e r  5
A M u l t i - e q u a t i o n  Model  o f  t h e  Demand f o r  P e t r o l
5 ,1  I n t r o d u c t i o n
I n  t h e  l i g h t  o f  t h e  mo d e l s  p o s t u l a t e d  p r e v i o u s l y  and 
t h e  r e s u l t s  o b t a i n e d ,  t h e  n e x t  model  t o  be f o r m u l a t e d  i s  
based on t h e  f o l l o w i n g  c o n s i d e r a t i o n s :
i )  I f  t h e  model  i s  t o  be o f  some p r a c t i c a l  v a l u e ,  n a m e l y  
t o  be used f o r  p o l i c y  and f o r e c a s t i n g  p u r p o s e s ,  s e p a r a t i o n  
o f  t h e  i n f l u e n c e s  o f  economic  v a r i a b l e s  such  as i nc o me  
and p r i c e  o f  p e t r o l  i n t o  " d i r e c t "  and " i n d i r e c t "  e f f e c t s  i s  . 
n e c e s s a r y .  The p o l i c y  maker  m i g h t  l i k e  t o  know n o t  o n l y  t h e  
o v e r a l l  i n f l u e n c e  o f  a p r i c e  change on t h e  q u a n t i t y  demanded 
o f  p e t r o l  b u t  a l s o  how t h i s  change m i g h t  a f f e c t  c o n s u m e r s '  
d e c i s i o n s  a t  d i f f e r e n t  b u t  s t r i c t l y  r e l a t e d  b e h a v i o u r a l  l e v e l s , g i v  
t h e  a b s o l u t e  t e c h n o l o g i c a l  c o m p l e m e n t a r i t y  b e t we en  c a r  use  and 
p e t r o l  c o n s u m p t i o n .  A d r a s t i c  p r i c e  i n c r e a s e  t h r o u g h  t h e  i m p o ­
s i t i o n  o f  a h i g h  t a x  p e r  g a l l o n  o f  p e t r o l  m i g h t  l e a d  t o  a 
r e d u c t i o n  i n  t h e  r a t e  o f  u t i l i s a t i o n  o f  t h e  e x i s t i n g  c a r  ■
s t o c k .  B u t  i t  m i g h t  as w e l l  have a c o n s i d e r a b l e  i n f l u e n c e  
a t  t h e  s t a g e  o f  p u r c h a s i n g  a c a r .  I f  t h e  p r e v a i l i n g  p r i c e  
o f  p e t r o l  i s  c o n s i d e r e d  t o  be " h i g h "  and t e n d s  t o  r e m a i n  s o ,  
c onsumers  m i g h t  show a p r e f e r e n c e  f o r  s m a l l e r  c a r s  o r  t h e y  
m i g h t  even p o s t p o n e  t h e  p u r c h a s e  o f  a ca r , .  T h i s  i n  t u r n  - 
w i l l  t e n d  t o  r e d u c e  t h e  r a t e  o f  g r o w t h  o f  t h e  e x i s t i n g  c a r  
s t o c k  and c o n s e q u e n t l y  t h e  demand f o r  p e t r o l .  A l l  t h e s e  a r e  
v e r y  i m p o r t a n t  s t r u c t u r a l  c ha ng es  w h i c h  may be shown i n  a 
m u l t i - e q u a t i o n  f r a m e w o r k ,  w he r ea s  a s t a t i c  s i n g l e  e q u a t i o n  
model ' ,  i s  u n l i k e l y  t o  be a b l e  t o  r e v e a l  them.
i l )  Fo r  f o r e c a s t i n g  p u r p o s e s  i t  i s  r a t h e r  d e s i r a b l e  t o  
e x p r e s s  t h e  mechanism u n d e r l y i n g  a l l  t h e s e  d e c i s i o n s  i n  t e r m s  
o f  p r e d e t e r m i n e d  v a r i a b l e s ,  t h a t  i s  exogenous ( s u c h  as p r i c e s  
and Income) and l a g g e d  d e p e n d e n t  v a r i a b l e s  w her e  t h i s  seems 
t o  be a p p r o p r i a t e .  Because i f ,  as has been a r g u e d * ,  some o f  
t h e  e x p l a n a t o r y  v a r i a b l e s  o f  t h e  s i n g l e  e q u a t i o n s  t e s t e d  p r e ­
v i o u s l y  ( f o r  e x a m p l e ,  s t o c k  o f  c a r s  i n  u s e )  a r e  p r o b a b l y  
more d i f f i c u l t  t o  f o r e c a s t  t h a n  t h e  d e p e n d e n t  v a r i a b l e  
( p e t r o l  demand)  t h e  p r a c t i c a l  u s e f u l n e s s  o f  t h e  model  w i l l  
be l i m i t e d ,
The r e a s o n s  a d van ce d  above s u g g e s t  t h a t  a model  e x p i c i t l y  
t a k i n g  i n t o  c o n s i d e r a t i o n  how c ons umer s  m i g h t  be i n f l u e n c e d  
a t  d i f f e r e n t  s t a g e s  o f  t h e i r  d e c i s i o n  m ak in g  i s  a p p r o ­
p r i a t e .  A l t h o u g h  l i t t l e  r e l e v a n t  wor k  has been d o ne ,  t h e  
a p p r o p r i a t e n e s s  o f  m u l t i - e q u a t i o n  m od e l s  has been i m p l i c i t l y  
o r  e x p l i c i t l y  r e c o g n i s e d  by s t u d e n t s  i n  t h e  f i e l d  o f  demand 
f o r  e n e r g y  p r o d u c t s .  U av er man ,  f o r  e x a m p l e ,  p o i n t s  o u t  t h a t  
" i n  e s t i m a t i n g  t h e  demand f o r  e l e c t r i c i t y  
as a d i r e c t  f u n c t i o n  o f  say  r e a l  i ncome 
and r e l a t i v e  p r i c e s  o f  f u e l s ,  one i s  
i m p l i c i t l y  s u g g e s t i n g  t h a t  e l e c t r i c i t y  
. . demand i s  d e r i v e d  f r o m  t h e  use o f .  goods 
whose d e t e r m i n a n t s ' t h e m s e l v e s  a r e  r e a l  
i nc ome  and t h e  r e l a t i v e  p r i c e s  o f  f u e l s " * *
*  See c r i t i c i s m  o f  C a n g e l o s i ’ s s t u d y  (p age  73 ) .
* *  L . Uaver man :  " E s t i m a t i n g  t h e  Demand f o r  E n e r g y :  Hea t
W i t h o u t  L i g h t " ,  E n e r gy  P o l i c y ,  March 1 977 ,  p . 2 .
I t  i s  r e a s o n a b l e ,  t h o u g h ,  t o  e x p e c t  t h a t  o t h e r  v a r i a b l e s  
such  as t h e  p r i c e  o f  c o ns u m i n g  e q u i p m e n t ,  c r e d i t  c o n d i t i o n s  
and t h e  l i k e  m i g h t  a l s o  p l a y  an i m p o r t a n t  r o l e  i n  t h e  d e t e r ­
m i n a t i o n  o f  p u r c h a s e s  o f  f u e l  c o n s um i n g  e q u i p m e n t .  I n  such 
a case a s i n g l e ,  e q u a t i o n  m o d e l ,  w h i c h  i s  j u s t  t h e  r e d u c e d  
f o r m  o f  a s y s t e m  o f  two e q u a t i o n s  -  t h e  f i r s t  o f  w h i c h  d e t e r ­
mi ne s  t h e  r a t e  o f  p u r c h a s e  o f  g o o d s ,  w h i c h  w i t h  f u e l  i n p u t  
p r o v i d e  s e r v i c e s ,  and t h e  sec ond  d e t e r m i n e s  t h e  amount  o f  
f u e l  i n p u t  u t i l i s e d  i n  t h e  use o f  t h e s e  goods -  i s  l i k e l y  t o  
be i n a p p r o p r i a t e .  E v e r y o n e  f a m i l i a r  w i t h  e m p i r i c a l  wor k  
knows t h a t  s i n g l e  e q u a t i o n  m od e l s  where  a l a r g e  number  o f  
e x p l a n a t o r y  v a r i a b l e s  i s  i n v o l v e d  v e r y  o f t e n  l e a d  t o  u n s a t i s ­
f a c t o r y  e s t i m a t e s  ( f o r  e x a m p l e ,  ’ w r o n g s i g n s  o f  c o e f f i c i e n t s  
and so on)  .
How ev er ,  once t h e  need f o r  a m u l t i - e q u a t i o n  model  i s  
r e c o g n i s e d  a n o t h e r  p r o b l e m  a r i s e s  due t o  t h e  n a t u r e  o f  t h e  
c o m m o d i t i e s  i n v o l v e d .  U n l i k e  say t e a  and s u g a r  ( b o t h  n o n -  
d u r a b l e s ) ,  i n  t h e  case  o f  c a r s  and p e t r o l  a d u r a b l e  r e q u i r e s  
some n o n - d u r a b l e  i n  o r d e r  t o  p r o v i d e  t h e  d e s i r e d  s e r v i c e s .
B u t  i f  f o r  n o n d u r a b l e s  i t  seems r e a s o n a b l e  t o  assume t h a t  
co ns ume rs  a r e  a b l e  t o  a d j u s t  i n s t a n t a n e o u s l y  t h e i r  demand 
a c c o r d i n g  t o  t h e i r  i n c om e s  and t h e  s t r u c t u r e  o f  r e l a t i v e  
p r i c e s ,  f o r  d u r a b l e s  t h i s  m i g h t  n o t  be t h e  c a s e .
A s t a t i c  f r a m e w o r k  may be a good s t a r t i n g  p o i n t  and on t h e  
b a s i s  o f  i t  many i n t e r e s t i n g  c o n c l u s i o n s  r e g a r d i n g  c o n s u m e r s '  
b e h a v i o u r  may be drawn
" B u t  t h e  s i m p l e s t  m od e l s  t h o u g h  easy  t o  wor k  
w i t h ,  s u f f e r  f r o m  t h e i r  v e r y  s i m p l i c i t y .  I t  i s  
o u r  t a s k  as s c i e n t i s t s  t o  e x p l a i n  t h e  phenomena
we s t u d y  and t o  do so i n  as s i m p l e  t e r m s
as we c a n .  B u t  we mus t  a l w a y s  be on o u r
g u a r d  ; a g a i n s t  o v e r s i m p l i f i c a t i o n  and so when
we have g o t  a model  w h i c h  p r o v i d e s  a good
a p p r o x i m a t i o n  i n  many s i t u a t i o n s  we must
t r y  t o  i m p r o v e  i t . . . .  T h i s  p r o c e s s  o f  g o i n g  f r o m
s i m p l e  m o d e l s  ( f i r s t  a p p r o x i m a t i o n  ) t o  more
g e n e r a l  ones ( s e c o n d  and l a t e r  a p p r o x i m a t i o n s )
i s  i n  f a c t  t h e  o n l y  way i n  w h i c h  we can g a i n
and e x t e n d  u s e f u l  k n o w l e d g e " , *
Uaverman g i v e s  a more s p e c i f i c  f o r m  t o  t h e  above  g e n e r a l  c o n ­
c l u s i o n  o f  S t o n e  w i t h  r e s p e c t  t o  t h e  demand f o r  e n e r g y  
p r o d u c t s  s u g g e s t i n g  t h a t
"The  s i m u l t a n e o u s  e q u a t i o n  s y s t e m  s h o u l d  
be e s t i m a t e d  i n  d y n a m i c  f o r m  so as t o  d i s t i n g u i s h  
t h e  s h o r t  t e r m  -  a s s e t s  f i x e d  -  f r o m  t h e  l o n g  t e r m  -  
a s s e t s  c h a n g e a b l e  -  c a s e s . . . .  To d e r i v e  s i m p l e r  
demand f u n c t i o n s ,  n o t  i n c o r p o r a t i n g  t h e  s i m u l t a ­
neous  e q u a t i o n  n a t u r e  o f  f u e l  d e m a n d . . . . i s  
n o t  o n l y  a c a d e m i c a l l y  i n c o r r e c t  b u t  f o o l h a r d y  
and d a n g e r o u s " . * *
Thus ,  t h e  model  t h a t  i s  d e v e l o p e d  i n c o r p o r a t e s  t h e  assum­
p t i o n  t h a t  a t  l e a s t  w i t h  r e s p e c t  t o  demand f o r  c a r  o w n e r s h i p
*  R. S t o n e ;  "A Dynami c  Model  o f  Demand" ,  i n  " P r i c e  T h e o r y " ,  
Ed.  by H. Townsend,  P e n g u i n  Modern E co n om i c s  R e a d i n g s ,
London 1973 ,  p . p .  1 5 5 - 1 6 9 .
* *  L .  U a v e r m a n ,  o p .  c i t . ,  p . p .  5 - 6 .
and t h e  a s s o c i a t e d  t e c h n o l o g i c a l  c h a r a c t e r i s t i c s  o f  c a r s  
( e n g i n e  c a p a c i t y )  c o ns ume rs  become i n v o l v e d  i n  p r o c e s s e s  o f  
a d j u s t m e n t  w i t h  r e s p e c t  t o  c h a n g i n g  c i r c u m s t a n c e s .  The 
model  t h a t  was f o r m u l a t e d  t o  d e s c r i b e  t h i s  p r o c e s s  i s  e x ­
p l a i n e d  b r i e f l y  b e l o u .
5 . 2  The S t o c k  A d j u s t m e n t  Model  i n  g e n e r a l
S i n c e  a s t a t i c  f r a m e w o r k  c a n n o t  do j u s t i c e  i n  s i t u a ­
t i o n s  where  d u r a b l e  goods a r e  i n v o l v e d  e x p l i c i t  d y n a m i s a t i o n  
o f  t h e  r e l e v a n t  demand e q u a t i o n s  i s  n e c e s s a r y .
The i n i t i a l  a t t e m p t  i n  t h i s  d i r e c t i o n  t h r o u g h  t h e  i n t r o ­
d u c t i o n  o f  a t i m e  t r e n d  i s  p r o b a b l y  f o u n d  i n  R. S t o n e . *  .
T h i s  was f o l l o w e d  by f u r t h e r  r e f i n e m e n t s  b ec au se  a t i m e  t r e n d  
seemed an i n a d e q u a t e  v a r i a b l e  t o  a c c o u n t  f o r  d y n a m i c  c h a n g e s .
The common c h a r a c t e r i s t i c  o f  d y n a m i c  mo d e l s  s u b s e q u e n ­
t l y  f o r m u l a t e d  i s  t h e  r e l i a n c e  upon some s o r t  o f  " s t o c k  
a d j u s t m e n t  mech an ism"  a i m i n g  t o  c a p t u r e  t h e  p e c u l i a r i t i e s  o f  
t h e  d e c i s i o n  ma k in g  p r o c e s s  i n  t h e  d u r a b l e  goods m a r k e t ,  by 
p o s t u l a t i n g  a r e a c t i o n  model  o f  c o n s u m e r s '  b e h a v i o u r .
" T h e  mos t  p u b l i c i z e d  and s u cc e ss fu l  r e a c t i o n  
model  ( upon  w h i c h  mos t  o f  t h e  m od e l s  r e s t  
i m p l i c i t l y  o r  e x p l i c i t l y )  i s  p r o b a b l y  t h e  s t o c k  
a d j u s t m e n t  model  d e v e l o p e d  by M e t z l e r  and 
s u b s e q u e n t l y  r e f i n e d  by N u r k s e ,  Goo dwi n ,
R i  S t o n e :  " The  Measumment o f  C on su me rs '  E x p e n d i t u r e
and B e h a v i o u r  i n  t h e  U n i t e d  K i n g d o m " ,  C a m br i d ge  U n i v e r  
s i t y P r e s s ,  1954 .
L o v e l l  and o t h e r s .  A l t h o u g h  t h e  model  was 
d e s i g n e d  t o  e x p l a i n  i n v e n t o r y  movements ,  
i t s  a p p l i c a b i l i t y  can be e x t e n d e d  by a n a l o g y  
t o  t h e  case o f  d u r a b l e  goods  i n  g e n e r a l  and 
t o  t h e  s t o c k  o f  a p p l i a n c e s  i n  p a r t i c u l a r " . *
The o r i g i n a l  v e r s i o n  o f  t h e  s t o c k  a d j u s t m e n t  model  has 
i t s  r o o t s  i n  t h e  s i m p l e  a c c e l e r a t i o n  mechan ism,  t h e  u n d e r ­
l y i n g  a s s u m p t i o n  o f  w h i c h  i s  t h a t  t h e  e x i s t i n g  gap b e tw ee n  
a c t u a l  and d e s i r e d  i n v e n t o r y  l e v e l s  d e t e r m i n e s  t h e  amount  o f  
i n v e n t o r y  c h a n g e ,  t h a t  i s
I t  -  I t - 1  = A l t =  f  B t  -  I t - l l  ( 5 . 2 . 1 )
wher e  t h e  s u p e r s c r i p t  d d e n o t e s  t h e  d e s i r e d  i n v e n t o r y .
The i n s t a n t a n e o u s  a d j u s t m e n t  n a t u r e  o f  t h e  above  mechan i sm 
was q u e s t i o n e d  and t h i s  l e d  t o  a r e f o r m u l a t i o n  . t h r o u g h  
t h e  i n t r o d u c t i o n  o f  a p a r t i a l  a d j u s t m e n t  c o e f f i c i e n t  ( p )  
t h a t  shows t h e  p r o p o r t i o n  o f  t h e  d i f f e r e n c e  - b e t w ee n  a c t u a l  
(S.^) and d e s i r e d  ( S ^ )  s t o c k  l e v e l s  w h i c h  i s  b e i n g  made up 
d u r i n g  e v e r y  p e r i o d .  Hence,  t h e  m o d i f i e d  model  t a k e s  t h e  
f o r m
' ' t  = ^  -  5 t _ i  = e ( S ?  -  S t - 8  ( 5 . 2 . 2 )
( w h e r e  V d s n o t e s  t h e  n e t  a d d i t i o n  t o  t h e  s t o c k )
w h i c h  i s  a f i n i t e  a p p r o x i m a t i o n  t o  t h e  d i f f e r e n t i a l  e q u a t i o n  
d S / d t  = p ( S ^  -  S ^ . _p  ( 5 . 2 . 3 )
F u r t h e r m o r e ,  s o l v i n g  ( 5 . 2 . 2 )  f o r  one o b t a i n s  t h e
Air P . B a l e s t r a ; • o p . c i t . , p . 4 5 .
f o l l o w i n g  e q u a t i o n :
S^ . = p S ^  + ( 5 . 2 . 4 )
w h i c h  c a n n o t  be t e s t e d  e m p i r i c a l l y  s i n c e  i t  i n v o l v e s  t h e  
dunknown t e r m  B e h a v i o u r a l  a s s u m p t i o n s  c a n ,  h o w e v e r ,  be
made.  S e v e r a l  e c o no m i c  and o t h e r  v a r i a b l e s  a r e  u s u a l l y  c o n ­
s i d e r e d  as p r o b a b l e  i n f l u e n c i n g  f a c t o r s  and t h u s  an e q u a t i o n  
t h a t  i s  r e a d y  ( a f t e r  s p e c i f i c a t i o n  o f  t h e  m a t h e m a t i c a l  f o r m )
f o r  e m p i r i c a l  i n v e s t i g a t i o n  i s  d e r i v e d  o f  t h e  f o r m :
S^ . = p [ f ( X . , , X 2 , . . . ) ' }  + ( l - e ) S t _ . |  ( 5 . 2 . 5 )
where  t h e  X . s '  a r e  f a c t o r s  assumed t o  d e t e r m i n e  v a r i a t i o n s  1
o f  t h e  d e s i r e d  ( o r  e q u i l i b r i u m )  s t o c k  l e v e l .
Once t h e  above model  i s  a c c e p t e d  as a s a t i s f a c t o r y  a p ­
p r o x i m a t i o n  t o  c o n s u m e r s ’ b e h a v i o u r ,  e s t i m a t e s  o f  t h e  e l a ­
s t i c i t i e s  c o r r e s p o n d i n g  t o  each e x p l a n a t o r y  f a c t o r  may be 
o b t a i n e d .  Of c o u r s e ,  i f  t h e  d e s i r e d  s t o c k  r e m a i n s  c o n s t a n t
o v e r  t i m e , i m p l y i n g  t h a t  t h e  c o mm u n i t y  has e i t h e r  r e a c h e d
da s a t u r a t i o n  l e v e l  o r  t h a t  t h e  f a c t o r s  d e t e r m i n i n g  have
dr e a c h e d  a l o n g  r u n  e q u i l i b r i u m  v a l u e ,  i s '  a s y m p t o t i c a l l y  
a p p r o a c h e d  by 5 ^ , u n t i l  t h e  d i f f e r e n c e  b e t we en  a c t u a l  and 
d e s i r e d  s t o c k  v a n i s h e s .
Now, g i v e n  t h a t  t h e  m a t h e m a t i c a l  f o r m  o f  t h e  p o s t u l a t e d  
mechanism i s  a t  b e s t  an a p p r o x i m a t i o n  o f  a much more c o m p l e x  
r e a l i t y ,  i n  e m p i r i c a l  i n v e s t i g a t i o n s  an a l t e r n a t i v e  f o r m  i s  
t r i e d  w h i c h  i s  t h e  l o g a r i t h m i c  v e r s i o n  o f  t h e  model  p r e s e n t e d  
a b o v e .  T h i s  f o r m  i m p l i e s  t h a t  i t  i s  t h e  r a t i o  o f  d e s i r e d  
t o  a c t u a l  s t o c k  w h i c h  i s  a d j u s t e d  r a t h e r  t h a n  t h e i r  d i f f e r e n c e .  
H a v i n g  d e s c r i b e d  t h e  s t o c k  a d j u s t m e n t  p r i n c i p l e  on w h i c h
an i m p o r t a n t  p a r t  o f  t h e  model  t o  be d e v e l o p e d  d e p e n d s ,  
t h e  n e x t  s t e p  i s  t h e  c h o i c e  o f  f a c t o r s  t h a t  a r e  l i k e l y  t o  
i n f l u e n c e  t h e  d e s i r e d  l e v e l s  o f  v a r i a b l e s  t h a t  a r e  s u b j e c t  
t o  t h e  p o s t u l a t e d  me ch an ism.  These v a r i a b l e s  u e r e  t a k e n  
t o  be :
1.  The s t o c k  o f  p r i v a t e  c a r s  i n  u s e ,  ( S P ) ^ ,
2 .  The a v e r a g e  e n g i n e  c a p a c i t y  o f  t h e  t y p i c a l  
c a r , (EC)y^ , and
3.  The a v e r a g e  r a t e  o f  u t i l i s a t i o n  ( m i l e a g e )  o f  
p r i v a t e  c a r s  i n  use ( f l ) ^ .
A s e p a r a t e  b e h a v i o u r a l  e q u a t i o n  i s  f o r m u l a t e d  wher e  each 
one o f  t h e  above a p p e a r s  as an endogenous  v a r i a b l e ,  r e p r e ­
s e n t i n g  t h e  ou tcome o f  e c o no m i c  d e c i s i o n s .  Demand f o r  p e t r o l  
t h e n  i s  e x p r e s s e d  as a f u n c t i o n  o f  d e c i s i o n s  w i t h  r e s p e c t  
t o  SP^,  EC^ and M^.
5 . 3  D e s i r e d  demand f o r  c a r  o w n e r s h i p
A l t h o u g h  t h e  d e t e r m i n a n t s  p f  t h e  demand f o r  c a r s ,  as 
i n d e e d  f o r  any d u r a b l e  good ,  a r e  i n  t h e  wor ds  o f  F i s h e r  and 
K a y s e n ,  ’ d i s h e a r t e n i n g l y  m a ny ’ * ,  f o r  t h e  p u r p o s e s  o f  t h i s  
s t u d y  o n l y  t h o s e  v a r i a b l e s  t h a t  on a p r i o r i  g r o u n d s  seem t o  
be o f  p r i m a r y  i mpor tance  a r e  c o n s i d e r e d .
5 . 3 . 1 , Income
S i n c e  a c a r  i s  one o f  t h e  mos t  e x p e n s i v e  d u r a b l e  g o o d s ,  
a measure  o f  c o n s u m e r s ’ p u r c h a s i n g  power  s h o u l d  be i n c l u d e d
* F . F i s h e r  and C.  K a y s e n ,  o p .  c i t . ,  p .  7 5 .
i n  t h e  e q u a t i o n  f o r  t h e  d e s i r e d  demand f o r  c a r  o w n e r s h i p .
The f o r m s  t h a t  have been used v a r y  f r o m  model  t o  m o d e l .
Roos and S z e l i s k i  use t h e  i ncome l e f t  a f t e r  p a y i n g  f o r  
b a s i c  needs such as f o o d  and r e n t ,  w h i c h  t h e y  c a l l  " s u p e r ­
n u m e r a r y "  i n c o m e . *  R e f e r r i n g  t o  t h e  use o f  t h i s  t y p e  o f  
i ncome Evans b e l i e v e s  t h a t  a l t h o u g h  t h i s  may have been 
a good i d e a  f o r  t h e  i n t e r w a r  p e r i o d ,  i t  i s  n o t  r e l e v a n t  
f o r  t h e  p o s t  war  y e a r s . * *  H i s  a r g u m e n t  i s  based on t h e
f a c t  t h a t  even d u r i n g  s e v e r e  r e c e s s i o n s  p e r s o n a l  d i s p o s a b l e
. - . \ 
i ncome h a r d l y  f e l l  a t  a l l  b e ca us e  o f  t h e  s t a b i l i s i n g  i n f l u e n ­
ces o f  f a c t o r s  such  as i n c r e a s e s  i n  u n e m p l o y m e n t  compen­
s a t i o n  i n s u r a n c e ,  s o c i a l  s e c u r i t y  p a ym en ts  and so o n .  
F u r t h e r m o r e ,  one may a r g u e ,  s i n c e  " b a s i c  n e e d s "  a r e  v e r y  
h a r d  t o  d e f i n e  t h e r e  i s  a l a r g e  e l e m e n t  o f  s u b j e c t i v i t y  
i n  e s t i m a t i n g  s u p e r n u m e r a r y  i n c o m e .
B u x t o n  and Rhys use an i n d e x  o f  a v e r a g e  i nco me  w h i c h
t h e y  d e f i n e  as t o t a l  n e t  p e r s o n a l  i n c o m e  ( e x c l u d i n g  p e r s o n s
w i t h  an a n n u a l  i n c o me  o f  l e s s  t h a n  f  275 )  d i v i d e d  by t h e
r e l e v a n t  . _ . .
*  C .F .  Roos and V. S z e l i s k i :  " F a c t o r s  G o v e r n i n g  Changes 
i n  D o m e s t i c  A u t o m o b i l e  Demand" ,  i n  t h e  " D y n a m i c s  o f  
A u t o m o b i l e  Demand" ,  G.M.C.  New Y o r k ,  1939 .  P a r t  o f  t h i s  
s t u d y  has been p u p l i s h e d  u n d e r  t h e  t i t l Ç  " The  Demand f o r  
D u r a b l e  G o o d s " ,  i n  " S e l e c t e d  R e a d i n g s  i n  E c o n o m e t r i c s  f r o m  
E c o n o m e t r i c s " , Hooper  and Ner l o v e ,  e d i t o r s .  The MIT P r e s s  
1970 ,  p . p .  4 4 - 6 9 .
* *  M.K,  Ev a ns :  " M a c r o e c o n o m i c  A c t i v i t y ' , *  T h e o r y ,  F o r e c a s t i n g  
and C o n t r o l ,  New Y o r k ,  H a r p e r  and Row, 1 969 ,  p . 165 .
p o p u l a t i o n  f i g u r e s . *  A s i m i l a r  o b j e c t i o n  as above  however  
may be r a i s e d  w i t h  r e s p e c t  t o  t h i s  measure  o f  p u r c h a s i n g  
p o w e r .  A l t h o u g h  i t  may be s a i d  t h a t  f o r  e v e r y  c onsumer  a 
l o w e r  i ncome can be assumed above w h i c h  he i s  l i k e l y  t o  d e ­
c i d e  t o  buy a c a r ,  t h i s  t h r e s h o l d  v a l u e  c a n n o t  be d e t e r m i n e d  
s t a t i s t i c a l l y  u n l e s s  one has a v e r y  deep k n o w l e d g e  o f  t h e  
i ncome d i s t r i b u t i o n  and t h e  c o n s u m p t i o n  h a b i t s  o f  t h e  i n d i v i ­
d u a l s  w h i c h  c o u l d  o n l y  be o b t a i n e d  t h r o u g h  e x i , e n s i v e  m a r k e t  
r e s e a r c h .
I n  t h e  c o u r s e  o f  e x p e r i m e n t a t i o n  w i t h  v a r i o u s  me as ures  
o f  c o n s u m e r s ’ p u r c h a s i n g  power  some a u t h o r s  use F r i e d m a n ’ s 
’ p e r m a n e n t ’ o r  ’ e x p e c t e d ’ i nco me  v a r i a b l e  i n s t e a d  o f  t h e  more 
c o n v e n t i o n a l  d i s p o s a b l e  i n c o m e .  The a r g u m e n t  t h a t  t h e  c o n ­
sumer  makes h i s  p u r c h a s e s  c o n s i d e r i n g  h i s  n o r m a l  r a t h e r  t h a n  
h i s  c u r r e n t  i ncome i s  t h e  t h e o r e t i c a l  s u p p o r t  f o r  u s i n g  
p e r m a n e n t  i ncome as an e x p l a n a t o r y  v a r i a b l e .  Such a t t e m p t s  
have p r o d u c e d  i n t e r e s t i n g  r e s u l t s  p a r t i c u l a r l y  when t h e  
o b j e c t i v e  was t h e  e x p l a n a t i o n  o f  v a r i a t i o n s  i n  t h e  s t o c k  o f  
d u r a b l e s  h e l d .  The s u b j e c t i v e  c o n c e p t  o f  p e r m a n e n t  i nc o me  
i s  u s u a l l y  a p p r o x i m a t e d  e m p i r i c a l l y  by an e x p o n e n t i a l l y  w e i g h ­
t e d  a v e r a g e  o f  d i s p o s a b l e  i n c o m e .  The consumer  i s  assumed 
t o  g i v e  more w e i g h t  t o  h i s  c u r r e n t  i nc o me  and p r o g r e s s i v e l y  
s m a l l e r  w e i g h t s  t o  h i s  p a s t  i n c o m e s .  Chow a f t e r  c o n s t r u c t i n g  
a p e r m a n e n t  i nc ome v a r i a b l e  i n  t h i s  way c o n c l u d e s  t h a t  t h e
*  M.B.  B u x t o n  and D.G.  R hys :  " Th e  Demand f o r  Car O w n e r s h i p :
A N o t e " ,  S c o t t i s h  J o u r n a l  o f  P o l i t i c a l  Economy,  June  1 972 ,  
p . p .  1 7 5 - 1 8 1 .
s t o c k  o f  a u t o m o b i l e s  can b e s t  be e x p l a i n e d  by t h e  r e l a t i v e  
p r i c e  o f  c a r s  and r e a l  e x p e c t e d  i ncome p e r  c a p i t a ,  o n u t h e .  
a s s u m p t i o n  o f  i n s t a n t a n e o u s  a d j u s t m e n t  o f  a c t u a l  t o  d e s i r e d  
s t o c k . *
' .
I n  mos t  e c o n o m e t r i c  s t u d i e s  on t h e  d e m a n d , f o r  c a r  o w n e r ­
s h i p ,  r e a l  p e r s o n a l  d i s p o s a b l e  i ncome p e r  c a p i t a  i s  used and 
i t  i s  c o n s i d e r e d  s u p e r i o r  t o  o t h e r  f o r m s .  F a r r e l l  uses  an 
i n d e x  o f  non f a r m  p e r s o n a l  d i s p o s a b l e  i ncome p e r  h e a d . * *
D i c k s  -  M i r e a u x  and 0 ’ H e r l i h y  f i n d  t h e  use o f  r e a l  d i s p o s a b l e  
i ncome p e r  head p r e f e r a b l e  t o  o t h e r  f o r m s , * * *  Ü d l i n g  -  Smee 
r e c o g n i s e s  t h a t  i n  p r i n c i p l e  i t  i s  n o t  o b v i o u s  w h e t h e r  
p e r m a n e n t  o r  c u r r e n t  r e a l  i nc ome  s h o u l d  be used g i v e n  t h a t  
t h e  p u r c h a s e  o f  a c a r  means t h a t  p r o b a b l y  more t h a n  one 
y e a r s ’ i ncome has t o  be t a k e n  i n t o  a c c o u n t ,  b u t  he uses  c u r ­
r e n t  r e a l  d i s p o s a b l e  i nco me  i n  t h e  e q u a t i o n s  he e s t i m a t e s . * * * *
*  G* Chow, op .  c i t . ,  p .  164.
* *  M. 3 .  F a r r e l l ,  op ,  c i t . ,  p . p .  190 - 1 9 1 .
* * *  L . A . D i c k s  -  M i r e a u x ,  and o t h e r s :  " P r o s p e c t s  f o r  t h e  
B r i t i s h .  Car I n d u s t r y " ,  NIESR No 17,  S e p t .  1 951 ,  and 
C. S t . 3 ,  O’, H e r l i h y :  "Demand f o r  Cars  i n  GB" ,  A p p l i e d  
S t a t i s t i c s ,  1 965 ,  p .  162.
* * * *  3(.C. O d l i n g  -  Smee: "The  p r i v a t e  s h o r t  t e r m  demand f o r
v e h i c l e s  i n  t h e  UK 1 9 5 5 - 6 6 :  A p r e l i m i n a r y  i n v e s t i g a t i o n " .  
B u l l e t i n  o f  t h e  O x f o r d  U n i v e r s i t y  I n s t i t u t e  o f  E c o n o m i c s  . 
and S t a t i s t i c s ,  V o l .  50,- A u g u s t  1 968 ,  No 3.
The c h o i c e  i s  based on h i s  b e l i e f  t h a t  " t o  t h e  e x t e n t  t h a t  
c a r s  a r e  c o n s i d e r e d  l u x u r i e s ,  e x p e n d i t u r e  may have a h i g h  
t r a n s i e n t  i ncome e l a s t i c i t y " .
F i n a l l y ,  Gross  D o m e s t i c  P r o d u c t  has been used as an 
a c t i v i t y  v a r i a b l e ,  on t h e  g r o u n d s  t h a t  i t  m i g h t  be more s e n ­
s i t i v e  . i n  r e p r e s e n t i n g  f l u c t u a t i o n s  o v e r  t h e  b u s i n e s s  c y c l e .  
T h i s  a p p r o a c h  has been f o l l o w e d  by a g r o u p  o f  g r a d u a t e  s t u ­
d e n t s  a t  t h e  London B u s i n e s s  S c h o o l ,  i n  a p r o j e c t  i n v e s t i ­
g a t i n g  t h e  f u t u r e  o f  t h e  U .K .  c a r  i n d u s t r y  t o  1 9 7 5 . *
The g e n e r a l  c o n c l u s i o n  t h a t  emerges f r o m  t h e  p r e v i o u s  
s t u d i e s  i s  t h a t  t h e  c h o i c e  o f  t h e  a p p r o p r i a t e  measur e  o f  
c o n s u m e r s ’ p u r c h a s i n g  power  i s  m a i n l y  an e m p i r i c a l  m a t t e r .  
N e v e r t h e l e s s  a r e d u c t i o n  i n  t h e  number  o f  a l t e r n a t i v e s  i s  
p o s s i b l e ,  and t h i s  depends  on t h e  o b j e c t  o f  t h e  r e s e a r c h .
I f  one w a n t s  t o  e x p l a i n  c a r  p u r c h a s e s  t h e n  i t  seems t h a t  
i n t r o d u c t i o n  o f  v a r i a t i o n s  i n t o  t h e  i ncome s e r i e s  m i g h t  
i n c r e a s e  t h e  e x p l a n a t o r y  power  o f  t h e  p o s t u l a t e d  b e h a v i o u r a l  
e q u a t i o n ;  s u b t r a c t i o n  o f  e l e m e n t s  t h a t  a r e  u n l i k e l y  t o  be 
s p e n t  on c a r s  a n d / o r  w h i c h  move c o u n t e r  -  c y c l i c a l l y  ( s u c h  
as t r a n s f e r  p a y m e n t s )  i s  a way o f  i n t r o d u c i n g  t h e  d e s i r e d  
v a r i a t i o n .  I f ,  h o w e v e r ,  one w i s h e s  t o  e x p l a i n  t h e  d e t e r m i ­
n a n t s  o f  t h e  s t o c k  o f  c a r s  i n  u s e ,  t h e n  r e a l  d i s p o s a b l e  i nc ome 
o r  p e r m a n e n t  i ncome seem t o  be more a p p r o p r i a t e .
I n  t h e  d e s i r e d  c a r  o w n e r s h i p  e q u a t i o n  o f  o u r  s y s t e m  r e a l
R . 3 .  B a l l :  " E c o n o m e t r i c  F o r e c a s t i n g " ;  i n  " M a t h e m a t i c a l  
Model  B u i l d i n g  i n  E co nomi cs  and I n d u s t r y "  ( E d i t . :  M.G.  
K e n d a l l ,  L o n d o n . 1970)  p . p .  1 - 1 9 .
d i s p o s a b l e  i ncome i s  u s e d .  T h i s  i s  based on t h e  f o l l o w i n g  
c o n s i d e r a t i o n s ;
i ) t h e  method o f  w e i g h t e d  a v e r a g e s  w h i c h  i s  used f o r  t h e  
g e n e r a t i o n  o f  t h e  e x p e c t e d  i nc ome  s e r i e s  p r o b a b l y  r e s u l t s  
i n  a .’. s m o o t h i n g *  o f  f l u c t u a t i o n s .  T h i s  b e i n g  t h e  case  t h e  
d e r i v e d  e x p e c t e d  i ncome s e r i e s  i s  l i k e l y  t o  be c o r r e l a t e d  
more c l o s e l y  w i t h  o t h e r  v a r i a b l e s  i n  t h e  e s t i m a t i n g  e q u a t i o n  
t h a t  t e n d  t o  grow s i m i l a r l y  o v e r  t i m e ,  t h a n  a d i s p o s a b l e  i n c o ­
me s e r i e s .
i i )  as f a r  as i s  known,  no s e r i o u s  a t t e m p t  has been made 
i n  t h e  U . K .  t o w a r d s  t h e  e s t i m a t i o n  o f  an e x p e c t e d  i nco me  
series.
The g e n e r a l  Consumers p r i c e  i n d e x  ( a l l  goods and s e r v i c e s )  
was used t o  d e f l a t e  t h e  p e r s o n a l  d i s p o s a b l e  i nc ome  s e r i e s  
( s e e  A p p e n d i x  f o r  d a t a ,  d e f i n i t i o n s  and s o u r c e s ) .
5 . 3 . 2  Car  p r i c e s
An i n d e x  o f  t h e  r e l a t i v e  p r i c e s  o f  c a r s  was c o n s i d e r e d  as 
t h e  second  i m p o r t a n t  f a c t o r  i n  t h e  demand f o r  c a r  o w n e r s h i p  
e q u a t i o n .
The q u e s t i o n  o f  t h e  a p p r o p r i a t e  p r i c e  i n d e x  i s  n o t  a 
s i m p l e  one and depends  m a i n l y  on t h e  p u r p o s e  o f  t h e  r e s e a r c h ,  
F a r r e l l  c o n s t r u c t e d  a model  a s s u m i n g  t h a t  t h e  c a r  m a r k e t  i s  
a s e t  o f  i n t e r r e l a t e d  m a r k e t s  f o r  c l o s e  s u b s t i t u t e s .  The 
i m p l i c a t i o n  o f  t h i s  a s s u m p t i o n  i s  t h a t  a g g r e g a t e  demand w i l l  
be a f f e c t e d  as a r e s u l t  o f  chang es  i n  t h e  s t r u c t u r e  o f  r e l a ­
t i v e  p r i c e s  o f  c a r s  o f  d i f f e r e n t  age w h i c h  w i l l  cau se  a mo­
vement  o f  consumer s  f r o m  one m a r k e t  ( i n c l u d i n g  c a r s  o f  age
say  n)  t o  a n o t h e r  ( i n c l u d i n g  c a r s  o f  age n + t ) ,  U * H e r l i h y  
i s  c o n c e r n e d  w i t h  a p e r i o d  ( 1 9 4 8 - 6 1 )  d u r i n g  t h e  m a j o r  p a r t  
o f  w h i c h  t h e  B r i t i s h  m a r k e t  was c h a r a c t e r i s e d  by a c h r o n i c  
s h o r t a g e  o f  s u p p l y  o f  new c a r s .  For  t h i s  r e a s o n  he uses  
an i n d e x  o f  p r i c e s  w h i c h  i s  t h e  r a t i o  o f  a used c a r  p r i c e  
i n d e x  t o  a new c a r . p r i c e  i n d e x .  T h i s  v a r i a b l e  ( c a l l e d  i n d e x  
o f  S u p p l y )  i s  i n t r o d u c e d  i n t o  h i s  a n a l y s i s  i n  t h e  b e l i e f  
t h a t  ' *only  by i n t r o d u c i n g  t h e  s u p p l y  f a c t o r  i n t o  t h e  s y s t e m  
w i l l  i t  be p o s s i b l e  t o  p r o d u c e  r e l i a b l e  e s t i m a t e s  o f  t h e  
demand r e l a t i o n s h i p s .  H ow ev er ,  when he comes t o  e s t i m a t e  
t h e  c o e f f i c i e n t s  o f  t h e  demand f u n c t i o n  ( i n c l u d i n g  seven  
v a r i a b l e s )  he r e a c h e s  t h e  r a t h e r  d i s s a p o i n t i n g  c o n c l u s i o n  
t h a t  " t h e  f i n a l  r e s u l t  o f  r i g o r o u s l y  a p p l y i n g  a s t r i c t  l e v e l  
o f  , s t a t i s t i c a l  s i g n i f i c a n c e  w o u l d  be an e q u a t i o n  w her e  t h e  
demand f o r  c a r s  i s  e x p l a i n e d  by a t r e n d " .
I n  t h i s  s t u d y  s i n c e  t h e  o b j e c t i v e  o f  t h e  p a r t i c u l a r  
e q u a t i o n  Under  c o n s i d e r a t i o n  i s  t h e  e x p l a n a t i o n  o f  v a r i a t i o n s  
i n  t h e  t o t a l  d e s i r e d  s t o c k  o f  c a r s  no a t t e m p t  was made 
t o w a r d s  t h e  c o n s t r u c t i o n  o f  a c o m p l i c a t e d  c a r  p r i c e  i n d e x .
The v a r i a b l e  used was an i n d e x  o f  c o s t  o f  c a r  p u r c h a s e s  ( b o t h  
new and s ec ond  hand)  d e f l a t e d  by t h e  c o n s u m e r s '  p r i c e  i n d e x  
i n  o r d e r  t o  be e x p r e s s e d  i n  r e a l  t e r m s  ( s e e  A p p e n d i x  f o r  
d a t a  and s o u r c e s ) .  ■
The e x p l a n a t o r y  v a r i a b l e s  d i s c u s s e d  so f a r ,  n a m e l y  r e a l  
d i s p o s a b l e  i nc ome  and r e l a t i v e  p r i c e s  o f  c a r s  have been 
f o u n d  i n  " s t a t i c "  demand s t u d i e s  t o  e x p l a i n  mos t  o f  t h e  v a ­
r i a t i o n  In demand f o r  c a r  s t o c k .  I n  some cases  t h e y  have 
e x p l a i n e d  up t o  95%' ' o f  t o t a l  v a r i a t i o n .  Chow i n  h i s  s t a t i c
model  c o n c l u d e s  t h a t  p r i c e  and d i s p o s a b l e  i nc ome  t o g e t h e r  
e x p l a i n  85-90% o f  t h e  v a r i a t i o n  i n  t h e  s t o c k  o f  c a r s .  U s i n g  
e x p e c t e d  i nc ome  i n s t e a d  o f  d i s p o s a b l e  i ncome t h e  e x p l a n a t o r y  
power  o f  h i s  model  goes up t o  90-95%,
5 . 3 . 3  C r e d i t  c o n d i t i o n s
C r e d i t  c o n d i t i o n s  c o n s t i t u t e  " a n o t h e r  m a j o r  d e t e r m i n a n t  
i n  e s t i m a t i n g  demand f u n c t i o n s  f o r  d u r a b l e s .  A c c o r d i n g  t o  
Evans
" The  use o f  c r e d i t  e n a b l e s  an i n d i v i d u a l  t o  
save  a f t e r  he has p u r c h a s e d  a d u r a b l e  good 
i n s t e a d  of  b e f  o r e "
Such an i n t e r p r e t a t i o n  g i v e s  r i s e  t o  two d i f f e r e n t  f o r ­
m u l a t i o n s  o f  t h e  r o l e  o f  c r e d i t . *  A c c o r d i n g  to t h e  f i r s t ,  
known as ’ b u r d e n ’ t h e o r y ,  a d e b t  c o n t r a c t e d  a t  any g i v e n  t i m e  
i s  a b u r d e n  w h i c h  has t o  be met  i n  t h e  f u t u r e .  Th u s ,  c r e d i t  
a v a i l a b i l i t y  r e s u l t s  i n  a s h i f t i n g  o f  p u r c h a s e s  b u t  i t  does 
n o t  by i t s e l f  c r e a t e  a d d i t i o n a l  demand.  A c c o r d i n g  t o  t h e  
second  f o r m u l a t i o n ,  known as ’ r e p l a c e m e n t  t h e o r y ’ t h e  use  o f  
c r e d i t  f a c i l i t i e s  a f a c t o r  c o n t r i b u t i n g  t o  t h e  i n c r e a s e  
o f  consumers '  d u r a b l e s  demand.  The r a t i o n a l e  b e h i n d  t h i s  i s  
t h a t  i f  an i n d i v i d u a l  p u r c h a s e s  a d u r a b l e  g o od ,  he i s  q u i t e  
l i k e l y  t o  r e p l a c e  i t  some t i m e  i n  t h e  f u t u r e .  T h e r e f o r e ,  t h e  
s o o n e r  a d u r a b l e  i s  b o u g h t  due t o  more f a v o u r a b l e  c r e d i t
*  A d e t a i l e d '  e x p l a n a t i o n  o f  t h e  above  two t h e o r i e s  w i t h  
some r e s u l t s  o f  r e l e v a n t  e m p i r i c a l  s t u d i e s  i s  g i v e n  i n  
E v a n s ,  o p .  c i t . ,  p . p .  1 5 3 - 1 5 4 .
t e r m s  t h e  e a r l i e r  i t  i s  r e p l a c e d  i n  t h e  f u t u r e ,  . T h i s  w i l l  
add t o  t h e  t o t a l  s t o c k  o f  d u r a b l e s  owned by an i n d i v i d u a l  
d u r i n g  h i s  l i f e t i m e  and t h r o u g h  a g g r e g a t i o n  by t h e  c o mm u n i t y  
as a w h o l e .
What  has been s a i d  above  p r o v i d e s  a t h e o r e t i c a l  e x p l a ­
n a t i o n  o f  t h e  r e l a t i o n s h i p  b e tween  c r e d i t  t e r m s  and s t o c k
l e v e l s  o f  a d u r a b l e .  T u r n i n g  now t o  t h e  a c t u a l  f a c t s  i t
^  .
can -be seen f r o m  t a b l e  27 t h a t  a p p r o x i m a t e l y  25% o f  new 
c a r s  were  s o l d  y e a r l y  on HP c r e d i t  d u r i n g  t h e  p e r i o d  u n d e r  
i n v e s t i g a t i o n .  The number  o f  used c a r s  t h a t  a r e  s o l d  on HP 
t e r m s  has been a p p r o x i m a t e l y  one m i l l i o n  p e r  y e a r  i n  r e c e n t  
y e a r s . *  These f i g u r e s  a r e  l i k e l y  t o  u n d e r e s t i m a t e  t h e  i m p a c t  
o f  c r e d i t  s a l e s  s i n c e  t h e r e  i s  a s u b s t a n t i a l  number  o f  c a r s  
s o l d  on bank c r e d i t  b u t  c o m p r e h e n s i v e  d a t a  a r e  n o t  a v a i l a b l e  
f o r  c a r s  b o u g h t  on o t h e r  f o r m s  o f  c r e d i t .
However  i m p r e s s i v e  t h e  above f a c t s  may b e ,  t h e  i n f l u e n c e  
o f  c r e d i t  c o n d i t i o n s  on c a r  o w n e r s h i p  demand has n o t  been 
s u p p o r t e d  i n  e m p i r i c a l  i n v e s t i g a t i o n s .  An a t t e m p t  by HIESR 
r e s e a r c h  m e m be r s * *  t o  i n t r o d u c e  a v a r i a b l e  m e a s u r i n g  ch an ge s  
i n  HP c o n d i t i o n s  was f o l l o w e d  by t h e  c o n c l u s i o n  t h a t  t h e  
a n n u a l  demand d a t a  V/<2re n o t  s e n s i t i v e  enough t o  d e t e c t  any 
s i g n i f i c a n t  r e l a t i o n s h i p  b e t wee n  c ha ng es  i n  such  c o n d i t i o n s  
and c hanges  i n  t h e  s t o c k  o f  c a r s .  A p o s s i b l e  e x p l a n a t i o n
*  D.G.  Rhys ,  op .  c i t . ,  p . 2 29 .
* *  N a t i o n a l  I n s t i t u t e  Economi c  R e v i e w ,  No 17,  S e p t .  1 961 .
TABLE 2 7
V e h i c l e s  s u b j e c t  t o  h i r e  p u r c h a s e  a g r e e m e n t s  i n  t h e  U .K .  
( S e l e c t e d  y e a r s )
Year  New c a r  s a l e s  on 
HP c r e d i t  i n  U .K .
( t h o u s a n d s )  
1958 1 2 4 . 6
1963 2 6 3. 1
1965 3 1 8 . 8
1968 2 9 6 . 7
1970 2 6 1. 1
1972 3 5 9 . 2
T o t a l  new c a r  
s a l e s  i n  U. K .
( t h o u s a n d s )
5 6 6 . 3
1 0 3 0 . 7
1 4 4 8 . 7
1 1 4 4 . 8
1 1 2 6 . 8  
1 7 1 5 . 0
HP s a l e s  as a 
p e r c e n t a g e  o f  
t o t a l  s a l e s
2 2 . 0
2 5 . 5
2 7 . 7
2 5 . 9  
2 3 . 2
2 0 . 9
S o u r c e :  " The  M o t o r  I n d u s t r y  o f  G r e a t  B r i t a i n " ,  p u b l i s h e d
by t h e  S o c i e t y  o f  M o t o r  M a n u f a c t u r e r s  and T r a d e r s  
L t d ,  L o n d o n ,  s e v e r a l  i s s u e s .
may be t h a t  t h e  i n v e s t i g a t i o n  was c a r r i e d  o u t  on t h e  b a s i s  
o f  a r e l a t i v e l y  l i m i t e d  number  o f  a n n u a l  o b s e r v a t i o n s  c o v e r ­
i n g  t h e  p e r i o d  1 9 4 8 - 5 6 .  S i n c e  t h e  p e r i o d  we i n v e s t i g a t e  i s  
c o n s i d e r a b l y  l o n g e r  ( 1 9 5 5 - 1 9 7 3 ) ,  an i n d e x  o f  HP t e r m s  was 
used i n  t h i s  s t u d y .  (See d a t a  A p p e n d i x ) .  T h i s  was c a l c u l a t e d  
as an a n n u a l  minimum r e q u i r e d  d e p o s i t .  T he re  have been 
f r e q u e n t  c ha ng es  i n  minimum d e p o s i t s  ( s e e  t a b l e  28)  so t h e  
i n d e x  f o r  a g i v e n  y e a r  i s  a w e i g h t e d  mean w i t h  w e i g h t s  e q u a l  
t o  t h e  number  o f  months  d u r i n g  w h i c h  a p a r t i c u l a r  d e p o s i t  
was a p p l i c a b l e .
TABLE 28
H i r e  P u r c h a s e  Re s t r i c t i o n s  on M o t o r  V e h i c l e s  -  U n i t e d  Kingdom
D a t e  o f  change Minimum D e p o s i t  
(percent)
Maximum p e r i o d  
f o r  r e p a y m e n t  
( m o n t h s )
1955 ,  F e b r u a r y 1 5 . 0 0 24
19.55, D u l y 3 3 . 3 3 24
1956,  F e b r u a r y 5 0 . 0 0 24
1956,  December 2 0 . 0 0 2 4
1957,  May 3 3 . 3 3 24
1958,  O c t o b e r . 0 —
T 9 6 0 , A A p r i l 2 0 . 0 0 24
1961,  J a n u a r y 2 0 . 0 0 36
1965,  June 2 5 . 0 0 3 6 ,
1965 ,  J u l y 2 5 . 0 0 30
1 966 ,  F e b r u a r y 2 5 . 0 0 27
1966 ,  J u l y 4 0 . 0 0 24
1 967 ,  June 3 0 . 0 0 30
1 967 ,  A u g u s t 2 5 . 0 0 36
1 967 ,  November 3 3 . 3 3 2 7
1968 ,  O c t o b e r 0 -
1 968 ,  November 4 0 . 0 0 24
1971 , J u l y • 0
1 972 ,  December 0 -
S o u r c e :  The M o t o r I n d u s t r y  o f  G r e a t  B r i t a i n ,  S . M . M . T . ,  1971
p .  352 and C a l e n d a r  o f  Economi c  E v e n t s , NIESR 1 9 73 ,
p .  92.
5 . 3 . 4  O t h e r  v a r i a b l e ' s
I t  was a r g u e d  p r e v i o u s l y  ( page  1 3 ? ) t h a t  t h e  p r i c e  o f  
p e t r o l  m i g h t  n o t  o n l y  i n f l u e n c e  c o n s u m e r s ’ c h o i c e  o f  t h e  
c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e i r  c a r s  b u t  t h e  d e s i r e d  
s t o c k  i t s e l f ,  t o  t h e  e x t e n t  t h a t  a p e r s i s t e n t l y  h i g h  p e t r o l  
p r i c e  m i g h t  c o n s i t u t e  a b a r r i e r  p a r t i c u l a r l y  f o r  c ons umer s  
uho a r e  i n  t h e  l o w e r  i ncome b r a c k e t s .  I t  was t h o u g h t ,  t h e r e ­
f o r e ,  t h a t  an i n d e x  s h o w i n g  p e t r o l  p r i c e  movements  r e l a t i v e  
t o  t h e  p r i c e  o f  o t h e r  f o r m s  o f  t r a n s p o r t  m i g h t  be a r e a s o n a -  
b l e  v a r i a b l e  t o  i n c l u d e  i n  t h e  demand f o r  c a r  o w n e r s h i p  e q u a ­
t i o n .  The p u b l i c  t r a n s p o r t  p r i c e  v a r i a b l e  used t o  d e f l a t e  
t h e  above s e r i e s  was an i n d e x  o f  r a i l w a y  f a r e s .  P r e v i o u s  
s t u d i e s  have shown*  (and  i n t u i t i v e l y  i t  seems r e a s o n a b l e  t o  
assume)  t h a t  r a i l  t r a n s p o r t  p r o b a b l y  c o n s t i t u t e s  t h e  o n l y  
v i a b l e  a l t e r n a t i v e  t o  p r i v a t e  t r a n s p o r t  i f  one t a k e s  i n t o  
c o n s i d e r a t i o n  f a c t o r s  such  as c o n v e n i e n c e ,  speed  o f  j o u r n e y  
and so on .
The i n f l u e n c e  o f  p o p u l a t i o n  changes  was i n v e s t i g a t e d  
b o t h  d i r e c t l y  and i n d i r e c t l y ,  t h a t  i s  as^ a s e p a r a t e  v a r i a b l e  
and as a v a r i a b l e  used t o  e x p r e s s  r e a l  i nc ome  i n  p e r  c a p i t a  
t e r m s  ( s e e  A p p e n d i x  f o r  d a t a  and s o u r c e s ) .
Any e m p i r i c a l  i n v e s t i g a t i o n  w o u l d  be i n c o m p l e t e  w i t h o u t  
a d i s c u s s i o n  o f  f a c t o r s  t h a t  r e l a t e  t o  consumer  a t t i t u t e s .
The i n f l u e n c e  o f  p s y c h o l o g i c a l  and b e h a v i o u r a l  f a c t o r s  on 
demand i s  a n o t h e r  p o i n t  where  e c o n o m i s t s ’ a t t e n t i o n  has
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l o n g  been f o c u s e d  a l t h o u g h  such  f a c t o r s  do n o t  a p p e a r  o f t e n  
i n  demand r e l a t i o n s h i p s  b ec au se  o f  t h e  c o n s i d e r a b l e  d i f f i c u l ­
t i e s  a s s o c i a t e d  w i t h  t h e i r  q u a n t i f i c a t i o n .  A s e r i o u s  a t t e m p t  
i n  ('.h.ia d t r a c  L ion in i l)n M . ' i . A ,  Inin n rnt lnnur l  nn i n i l c x  o f
consumers ' a t  hi  i:.u11r;r, ;ind 11u y inc) p i  ons i inonr| on q u e s t i . n n n o i  r c s
a b o u t  t h e  r e l a t i v e  f i n a n c i a l  p o s i t i o n  o f  p e o p l e  compared t o  
p r e v i o u s  y e a r s ,  e x p e c t a t i o n s  a b o u t  t h e i r  f u t u r e  s i t u a t i o n ,  
b u s i n e s s  c o n d i t i o n s ,  p r i c e  movements as w e l l  as w h e t h e r  
’ t i m e s  a r e  g o o d ’ f o r  d u r a b l e  p u r c h a s e s . *
The i m p o r t a n c e  o f  ’ a t t i t u d e  v a r i a b l e s ’ s te ms  f r o m  t h e  
c o n s i d e r a t i o n  t h a t  s i n c e  s t o c k s  o f  d u r a b l e s  a r e  s i m p l y  t h e  
sum o f  p a s t  p u r c h a s e s ,  f a c t o r s  t h a t  a r e  r e s p o n s i b l e  f o r  
t h e  p o s t p o n e m e n t  o f  p u r c h a s e s  w i l l  i n d i r e c t l y  a f f e c t  t h e  
s t o c k  o f  d u r a b l e s  e x i s t i n g  a t  a p a r t i c u l a r  p e r i o d .  Une
wou ld  e x p p c l  t h a t  i n  p e r i o d s  o f  r e c e s s i o n  t h e r e  wou ld  be a
d e c r e a s e  i n  t h e  r a t e  o f  g r o w t h  o f  s t o c k s  o f  d u r a b l e s  and
e s p e c i a l l y  c a r s ,  and t h a t  t h e  o p p o s i t e  w o u l d  be t r u e  i n  
p e r i o d s  o f  p r o s p e r i t y .  Not  a l l  t h i s  e f f e c t  w i l l  n e c e s s a ­
r i l y  be c a p t u r e d  by t h e  i nco me  v a r i a b l e .
I n  t h e  U .K .  such  an i n d e x  i s  n o t  c o n s t r u c t e d  on a r e g u ­
l a r  b a s i s  a l t h o u g h  i t  w ou l d  be mos t  d e s i r a b l e  as a v a r i a b l e
*  The s u r v e y  has been d e v e l o p e d  by t h e  S u r v e y  R e s e a r c h  
C e n t e r  (SRC) a t  t h e  U n i v e r s i t y  o f  M i c h i g a n .  See,  f o r  
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c a p t u r i n g  g e n e r a l  c y c l i c a l  m o v e m e n t s , *
5 . 4  F o r m u l a t i o n  o f  t h e  demand f o r  c a r  o w n e r s h i p  e q u a t i o n
C o n s i d e r a t i o n  o f  t h e  v a r i a b l e s  d i s c u s s e d  so f a r  l eads  
t o  t h e  f o r m u l a t i o n  o f  a d e s i r e d  demand f o r  c a r  o w n e r s h i p  
w h i c h  i n  g e n e r a l  f o r m  i s  as f o l l o w s :
SP^ = f (  PC^,  Yj .,  PH t ,  P t '  ) = F ( - )  ( 5 . 4 . 1 )
w h e r e :
dSP^ = d e s i r e d  s t o c k  o f  p r i v a t e  c a r s  
PC^ = r e a l  p r i c e  i n d e x  o f  c a r s
= r e a l  p e r s o n a l  d i s p o s a b l e  i ncome 
= I n d e x  o f  c r e d i t  c o n d i t i o n s
PRt  = p r i c e  o f  p e t r o l  r e l a t i v e  t o  an i n d e x  o f  r a i l w a y  
f a r e s
P.J. = Home p o p u l a t i o n  
and e ^^  = a d i s t u r b a n c e  t e r m
Assuming  now t h a t  t h e  a c t u a l  s t o c k  (SP)^^ a d j u s t s  "to t h e  
t
dd e s i r e d  s t o c k  (SP ) .  a c c o r d i n g  t o  t h e  r e l a t i o n s h i p
( S P ) t  -  ( S P ) t - l  = p [ ( S P ' ^ > t  -  ( S P ) t - l ]  ( 5 . 4 . 2 )
*  The F i n a n c i a l  T imes ( FT)  p u b l i s h  an i n d e x  o f  c o ns ume r  
c o n f i d e n c e  w h i c h  i s  t h e  o u tcome o f  m o n t h l y  s u r v e y s  
' d e s i g n e d  t o  f i n d  o u t  how p e o p l e  f e e l '  a b o u t  t h e  f u t u r e  
and t h e i r  p r e s e n t  f i n a n c i a l  p o s i t i o n '  ( s e e  F . T . ,  March  2 0 ,  
1 9 7 8 ) .  Howe ve r ,  t h e s e  s u r v e y s  s t a r t e d  i n  1970 and hence 
t h e  number  o f  o b s e r v a t i o n s  i s  i n s u f f i c i e n t  f o r  t h e  p r e ­
s e n t  a n a l y s i s .
a f t e r  a p p r o p r i a t e  s u b s t i t u t i o n s  one o b t a i n s
( S P ) ^  = p r( . ) + (l-p)(SP)t_i ( 5 . 4 . 3 )
w h i c h  may be t e s t e d  i n  b o t h  l i n e a r  and l o g a r i t h m i c  f o r m  
as p o i n t e d  o u t  p r e v i o u s l y .  A l l  f a c t o r s  i n  ( 5 . 4 . 1 )  o r  com­
b i n a t i o n  o f  them may be used as e x p l a n a t o r y  v a r i a b l e y i n  t h e  
f u n c t i o n  f ( . ) .
5 . 5  Demand f o r  d e s i r e d  e n g i n e  c a p a c i t y
The s econd  e q u a t i o n  r e f e r s  t o  t h e  b e h a v i o u r  o f  co ns ume rs  
w i t h  r e s p e c t  t o  t h e  d e s i r e d  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  
c a r s  as a p p r o x i m a t e d  by t h e  a v e r a g e  e n g i n e  c a p a c i t y  o f  t h e  
p o p u l a t i o n  o f  p r i v a t e  c a r s  d u r i n g  a c e r t a i n  p e r i o d .
The i d e a  o f  i n c l u d i n g  t h i s  e q u a t i o n  i n  t h e  s y s t e m  c o n ­
s t i t u t e s  a n a t u r a l  e x t e n s i o n  o f  an e a r l i e r  s t u d y  by t h e  
a u t h o r  where  t h e  demand f o r u p e t r o i  i n  i t h e  U .K .  was i n v e s t i ­
g a t e d  t h r o u g h  a two. e q u a t i o n  s y s t e m ,  t h e  f i r s t  r e f e r r i n g  t o  
t h e  demand f o r  p e t r n . l  and t h e  s e c on d  to t h e  demand f o r  c a r  
o w n e r s h i p * .  Ru t  i t  t o o k  a s p e c i f i c  form,  on t h e  b a s i s  o f  t h e  
s t u d y  by Chow m e n t i o n e d  e a r l i e r .  Chow b e l i e v e s  t h a t  
"much m i s u n d e r s t a n d i n g  o f  t h e  a u t o m o d i l e  
m a r k e t  has come f r o m  t h e  t e n d e n c y  t o  " c o u n t  
c a r s ’ . . .  The m a r k e t  does n o t  c o n s i d e r  a l l  c a r s  
t o  be e q u i v a l e n t  and . . . .  i t s  p r e f e r e n c e s  as among
* E. T z a n e t i s :  " The  Demand f o r  P e t r o l  i n  t h e  U . K . :
A Model  B u i l d i n g  A p p r o a c h " ,  I I . S c .  T h e s i s ,  U n i v e r s i t y  
of; S u r r e y , 1975 .
c a r s  o f  d i f f e r e n t  ages a r e  r e m a r k a b l y  s t a b l e  o v e r  
t i m e .  T h i s . . .  s u g g e s t s  t h a t  i t  i s  more m e a n i n g f u l  
t o  t a l k  i n  t e r m s  o f ,  s a y ,  25 m i l l i o n  n e u - c a r  
e q u i v a l e n t s  r a t h e r  t h a n  i n  t e r m s  o f  55 m i l l i o n  c a r s  
on t h e  r o a d " . *
Fo r  t h e  p u r p o s e  o f  h i s  s t u d y  he e x p r e s s e d  t h e  s t o c k  o f  
c a r s  i n  t e r m s  o f  new e q u i v a l e n t  c a r s  by a w e i g h t i n g  s y s t e m  
based on p r i c e  i n f o r m a t i o n  on cars,  d u r i n g  t h e  base y e a r ,  t h a t  
c o n s i d e r s  an o l d  c a r  e q u a l  t o  h a l f  a new one i f  i t s  p r i c e  
i s  h a l f  t h a t  o f  a new c a r .
For  t h e  p u r p o s e s  o f  t h e  p r e s e n t  s t u d y ,  as l o n g  as a 
c a r  i s  on t h e  r o a d  i t  consumes p e t r o l  and wha t  i s  o f  
i n t e r e s t  i s  t h e  d i s t i n c t i o n  b e t w e e n ,  s a y ,  two c a r s  f r o m  a 
p e t r o l  c o n s u m p t i o n  p o i n t  o f  v i e w .  I t  was r e c o g n i s e d  e a r l i e r  
( page  444) t h a t  s e v e r a l  f a c t o r s  such  as a ge ,  w e i g h t ,  e n g i n e  
c a p a c i t y  and so on p r o v i d e  r e a s o n s  f o r  t h e  e x i s t i n g  consum­
p t i o n  d i f f e r e n t i a l s  be tween  c a r s ;  and o f  c o u r s e  i t  w o u l d  be 
d e s i r a b l e  t o  have d a t a  on t h e s e  c h a r a c t e r i s t i c s  f o r  d i f f e r e n t  
y e a r s .  Bu t  i n f o r m a t i o n  on t h e  f i r s t  two f a c t o r s  i s ,  u n ­
f o r t u n a t e l y ,  d i f f i c u l t  t o  o b t a i n .  Hence,  a t t e n t i o n  was 
f o c u s e d  on c a r  e n g i n e  c a p a c i t y  as a f a c t o r  a p p r o x i m a t i n g  
t h e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e  c a r  p o p u l a t i o n ,  s i n c e  
r e l e v a n t  i n f o r m a t i o n  i s  a v a i l a b l e  ( s e e  d a t a  a p p e n d i x ) .
The r e s u l t s  o b t a i n e d  when c o n s u m p t i o n  c h a r a c t e r i s t i c s  were  
t a k e n  as a f u n c t i o n  o f  e n g i n e  c a p a c i t y  ( s e c t i o n  4 . 3 )  snem t o  
s u p p o r t  t h e  v i e w  t h a t  t h i s  a s s u m p t i o n  i s  r e a s o n a b l e .
T u r n i n g  now t o  t h e  f a c t o r s  t h a t  a r e  l i k e l y  t o  i n f l u e n c e
* G, Chow,  op .  c i t . ,  p .  1 5 0 .
cons ume rs  when t h e y  a r e  c o n f r o n t e d  w i t h  t h e  c h o i c e  o f  
e n g i n e  c a p a c i t y  one can t h i n k  o f  s e v e r a l .  The p r o p o r t i o n  
o f  t h e  p r i c e  o f  a c a r ,  f o r  i n s t a n c e ,  t h a t  may be a t t r i b u t e d  
t o  d i f f e r e n c e s  i n  e n g i n e  c a p a c i t y  w ou l d  be an o b v i o u s  
v a r i a b l e  t o  c o n s i d e r  b u t  d i f f i c u l t  t o  q u a n t i f y .  The p r i c e  
o f  p e t r o l  i s  l i k e l y  t o  p l a y  a n / i m p o r t a n t  r o l e  as w e l l ,  and 
h e r e  i s  wher e  o u r  a t t e n t i o n  i s  f o c u s e d .  Hence,  f o r  t h e  
e x p l a n a t i o n  o f  v a r i a t i o n s  i n  d e s i r e d  e n g i n e  c a p a c i t y  a s i m p l e  
model  i s  used i n  w h i c h  t h e  r e a l  p r i c e  o f  p e t r o l  i s  t h e  o n l y  
e x p l a n a t o r y  v a r i a b l e  a l t h o u g h  i t  i s  r e c o g n i s e d  t h a t  o t h e r  
v a r it ib le s  m i g h t  be s i g n i f i c a n t ,  I t  i s  b e l i e v e d ,  t h o u g h ,  
t h a t  t h e  s i m p l e  model  m i g h t  be a r e a s o n a b l e  a p p r o x i m a t i o n  
i f  t h e  p r i c e  o f  p e t r o l  c o n t i n u e s  t o  f o l l o w  r e c e n t  t r e n d s ,  
i n  t h e  sense  t h a t  p r i c e  w i l l  a l m o s t  c e r t a i n l y  have a g r a ­
d u a l  i m p a c t  on d e s i r e d  e n g i n e  c a p a c i t y .  For  t h o s e  who a l ­
r e a d y  p o ss es  a c a r ,  s u b s t i t u t i o n  by a ' s m a l l e r  ' one m i g h t  
i m p l y  a f i n a n c i a l  l o s s  b o t h  f r o m  t h e  c a r  t r a d e d - i n  and f r o m  
t h e  c a r  t o  be p u r c h a s e d  as l o n g  as a g e n e r a l  movement  t o ­
war ds  s m a l l e r  c a r s  r e s u l t s  i n  a r e l a t i v e  i n c r e a s e  ( d e c r e a s e )  
o f  t h e  p r i c e s  o f  s m a l l  ( l a r g e )  cours. However  e v e r y -  day 
e x p e r i e n c e  c o n f i r m s  t h e  o b s e r v a t i o n  t h a t  a d v e r t i s i n g  g i v e s  
more and more e mp ha s i s  t o  t h e  economy o f  a c a r ,  i n  t e r m s  
o f  m i l e s  p e r  g a l l o n  o f  p e t r o l  and t h i s  may w e l l  i n f l u e n c e  
c o n s u m e r s .
A c c o r d i n g  t o  w ha t  has been s a i d  t h e  d e s i r e d  a v e r a g e  
e n g i n e  c a p a c i t y  e q u a t i o n  t a k e s  t h e  f o r m :
ECt = f (PGt,e2t)
w her e  :
dEC.J. = d e s i r e d  a v e r a g e  e n g i n e  c a p a c i t y
PG^ = a v e r a g e  r e a l  p r i c e  o f  p e t r o l  ( a l l  g r a d e s )
= a d i s t u r b a n c e  t e r m .
F o l l o w i n g  t h e  same s t e p s  as f o r  t h e  d e s i r e d  c a r  o w n e r ­
s h i p  e q u a t i o n  one o b t a i n s :
5 . 5  D e s i r e d  t r u e  r a t e  o f  u t i l i s a t i o n
I n  t r y i n g  t o  a p p r o x i m a t e  t h e  b e h a v i o u r  o f  e c o n o m i c  u n i t s  
w i t h  r e s p e c t  t o  t h e  d e s i r e d  a v e r a g e  r a t e  o f  u t i l i s a t i o n  o f  
e x i s t i n g  p r i r a t e  c a r s ,  two a l t e r n a t i v e  h y p o t h e s e s  were  c o n ­
s i d e r e d .  F i r s t ,  i t  was assumed t h a t ,  as i n  t h e  case  o f  
e n g i n e  c a p a c i t y  and p r i v a t e  c a r  s t o c k ,  some s o r t  o f  a d j u s t ­
ment  i s  a t  w o r k .  Under  such an i n t e r p r e t a t i o n ,  c o n s u m e r s '  
a d j u s t m e n t  i s  su ppo se d  t o  be due t o  " h a b i t  f o r m a t i o n  o r  i n e r t i a ,  
w h i c h  i s  a p p a r e n t l y  a more w i d e s p r e a d  p h e n o m e n o n " . *  I n  
t h i s  p a r t i c u l a r  case  h a b i t  f o r m a t i o n  w o u l d  mean t h a t  c o n s u ­
mers do, n o t  a d j u s t  i m m e d i a t e l y  t h e i r  m i l e a g e  a c c o r d i n g  t o  
changes  i n  i nc ome  and r e l a t i v e  p r i c e s ,  b u t  t h e y  a r e  i n f l u e n ­
ced as w e l l  by w ha t  t h e i r  m i l e a g e  has been i n  t h e  more o r  
l e s s  r e c e n t  p a s t .  I n  o t h e r  wor ds  i t  may be s a i d  t h a t  t h e  
consumer  has b u i l t  up a p s y c h o l o g i c a l  s t o c k  o f  d r i v i n g  h a b i t s .  
T h i s ,  b e i n g  t h e  c a s e ,  h i s  c u r r e n t  m i l e a g e  w i l l  be a f f e c t e d  
p o s i t i v e l y  by h i s  m i l e a g e  i n  t h e  p a s t .  P a s t  m i l e a g e  i s  
t a k e n  i n t o  a c c o u n t  by i n c l u d i n g  l a g g e d  v a l u e s  o f  t h é  r e l e v a n t
* H o u t h a k k e r  and T a y l o r ,  o p .  c i t . ,  p .  1 0 .
e ndogenous  v a r i a b l e  i n  t h e  e s t i m a t i n g  e q u a t i o n .  The p o s i ­
t i v e  r e l a t i o n s h i p  b e t wee n  c u r r e n t  and p a s t  m i l e a g e  means , 
t h a t  w i t h  p r i c e s  and i nc ome g i v e n  t h e  more someone has u t i ­
l i s e d  h i s  c a r  i n  t h e  p a s t  t h e  more he w i l l  u t i l i s e  i t  c u r ­
r e n t l y .  O b v i o u s l y ,  w h e t h e r  such  an a d j u s t m e n t  i s  a t  work  
i s  m a i n l y  a q u e s t i o n  t h a t  has t o  be s u p p o r t e d  by t h e  e x i s ­
t i n g  e v i d e n c e .  Fo r  t h i s  r e a s o n  t h e  a l t c f î i a t i v e  h y p o t h e s i s  
o f  i n s t a n t a n e o u s  a d j u s t m e n t  o f  d e s i r e d  t o  a c t u a l  m i l e a g e  
was i n v e s t i g a t e d  as w e l l .
A q u e s t i o n  a r i s e s  as t o  t h e  a p p r o p r i a t e  i nc ome  v a r i a b l e  
t o  be i n c l u d e d  i n  t h e  m i l e a g e  e q u a t i o n .  . I d e a l l y ,  s i n c e  
t h e  endogenous  v a r i a b l e  i s  d e f i n e d  as a v e r a g e  m i l e a g e  p e r  
c a r ,  some s o r t  o f  Income p e r  c a r  owner  w o u l d  be d es Lr a b l e ,  
b u t  t h i s  i s  n o t  p o s s i b l e  due t o  l a c k  o f  r e l e v a n t  i n f o r m a t i o n .  
Thus r e a l  p e r s o n a l  d i s p o s a b l e  i nc ome p e r  c a p i t a  was u s e d .  
O t h e r  f o r m u l a t i o n s  were  a l s o  t r i e d ,  by c o n s t r u c t i n g  an 
i nc ome  p e r  h o u s e h o l d  s e r i e s ,  t h e  u n d e r l y i n g  a s s u m p t i o n  b e i n g  
t h a t  t h e  h o u s e h o l d  i s  t h e  b a s i c  ' c a r  o w n i n g  u n i t ' .  P r e l i ­
m i n a r y  i n v e s t i g a t i o n  showed,  t h o u g h ,  t h a t  t h e  e s t i m a t e d  i n c o ­
me e l a s t i c i t y  was n o t  d i f f e r e n t  f r o m  t h e  i nc o me  e l a s t i c i t y  
when i ncome was d e f i n e d  i n  p e r  c a p i t a  t e r m s ,  beea us e  o f  t h e  
l a c k  o f  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  a v e r a g e  h o u s e h o l d  
s i z e  o v e r  t h e  p e r i o d  1 9 5 5 - 7 3 .
One w ou l d  e x p e c t  t h a t  e c o no m i c  u n i t s ,  i n  t h e  p r o c e s s  
o f  t r y i n g  t o  m i n i m i s e  c o s t s ,  w ou l d  t e n d  t o  c o n s i d e r  p r i c e s  
o f  v a r i o u s  f o r m s  o f  t r a n s p o r t .  I t  has been a r g u e d  e l s e w h e r e ,  
and i n t u i t i v e l y  i t  seems p l a u s i b l e  t o  assume,  t h a t  r a i l  
t r a n s p o r t  i s  p r o b a b l y  t h e  most  i m p o r t a n t  a l t e r n a t i v e  t o
p r i v a t e  t r a n s p o r t ,  i f  m a t t e r s  such  as speed o f  j o u r n e y ,  
c o n v e n i e n c e  e t c  a r e  t a k e n  i n t o  a c c o u n t .  Thus a p r i c e  
i n d e x  of .  r a i l w a y  f a r e s  was c o n s i d e r e d  a l o n g  w i t h
t h e  v a r i a b l e s  p r e v i o u s l y  d i s c u s s e d  ( s e e  d a t a  A p p e n d i x ) .  
A c c o r d i n g l y ,  t h e  f u n c t i o n a l  r e l a t i o n s h i p  b e tween  m i l e a g e  
and t h e  e x p l a n a t o r y  f a c t o r s  i s  as f o l l o w s ;
f ' t  = ^2 (PCy ^ t '  = F g f - )  ( 5 . 6 . 1 )
Assuming  s l o w  a d j u s t m e n t  t h e  e s t i m a t i n g  e q u a t i o n  becomes:
= 6 F2 ( . )  + ( 1 - 6 ) M t _ i  ( 5 . 6 . 2 )
Under  t h e  a s s u m p t i o n  o f  i m m e d i a t e  a d j u s t m e n t  ( 0 = 1 )  t h e  
e s t i m a t i n g  e q u a t i o n  i s :
f i t  = ( 5 . 6 . 3 )
5 . 7  The Demand f o r  p e t r o l  e q u a t i o n
I n  t h e  p r e v i o u s  s e c t i o n s  we were  c o n c e r n e d  w i t h  t h e  c o n ­
s t r u c t i o n ,  o f  b e h a v i o u r a l  r e l a t i o n s h i p s  a i m i n g  t o  p r o v i d e  
an e x p l a n a t i o n  as t o  how c o n s u m e r s '  d e c i s i o n s  a r e  i n f l u e n c e d ,  
a t  t h r e e  d i f f e r e n t  l e v e l s  when t h e y  a r e  f a c e d  w i t h  c ha ng es  
i n  t h e  e c o no m i c  e n v i r o n m e n t .  I n  t h i s  s e c t i o n  t h e  demand f o r  
p e t r o l  i s  f o r m e d  s i m p l y  by b r i n g i n g  t o g e t h e r  i n  a f u n c t i o n a l  
r e l a t i o n s h i p  f o u r  d i f f e r e n t  f a c t o r s -  n ame l y  t h e  q u a n t i t y  o f  
p e t r o l  demanded,  ( H y ^ ) ,  a \ /eraqe i j r i v n t . n  c a r  m i l e a o e ,  (M ) ,  
r age  e n g i n e  c a p a c i t y  . o f  p r i v a t e  c a r s ,  ( FC ^ ) ,  and t h e  number  o f  
c a r s  i n  use d u r i n g  each y e a r  o f  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n ,  
( S P y ) .  T h i s  may be. w r i t t e n  a s :
^ T t  “  V  ^^t» SP^,  e ^ ^ )  ( 5 . 7 . 1 )
T h e r e  a r e  s e v e r a l  p o i n t s  t h a t  a r e  o f  i n t e r e s t  i n  t h e
above r e l a t i o n s h i p .  F i r s t ,  i t  shows t h a t  v a r i a t i o n s  i n  
t o t a l  q u a n t i t y  o f  p e t r o l  a r e  e x p l a i n e d  i n  t e r m s  o f  v a r i a t i o n s  
o f  f a c t o r s  e x p l a i n i n g  p r i v a t e  demand.  T h i s ,  i n  e f f e c t ,  
i m p l i e s  t h a t  t h e  second  m a j o r  p a r t  o f  t o t a l  p e t r o l  demand 
( c o m m e r c i a l  demand)  reni.-i i  n:r cnns  t.an h e v e r  t h e  [ l e i ' i n d  1 9 5 5 - 7 3 .  
As s u c h ,  i t  does n o t  c o n t r i b u t e  t o  t h e  e x p l a n a t i o n  o f  v a ­
r i a t i o n s  i n  t o t a l  demand.  I t  i s  assumed,  i n  o t h e r  w o r d s ,  
t h a t  t h e  r e l a t i v e l y  s m a l l  v a r i a t i o n s  o f  c o m m e r c i a l  demand 
a r o u n d  i t s  h i s t o r i c a l  mean v a l u e  o v e r  t h e  p e r i o d  1 9 55 - 73  
( s e e  t a b l e  1 3 ) a r e  added t o  p r i v a t e  demand.  These r e s i d u a l s  
a r e  s m a l l  enough t o  e n s u r e  t h a t  t h e  e s t i m a t e s  o f  t h e  c o e f ­
f i c i e n t s  o f  t h e  above r e l a t i o n s h i p ,  s h o u l d  n o t  be s e r i o u s l y  
d i s t o r t e d .  Second ,  t h e  t e r m s  a p p e a r i n g  on t h e  r i g h t  hand 
s i d e  a r e  n o t  j u s t  t h e  o u tcome o f  m a t h e m a t i c a l  m a n i p u l a t i o n s .  
The v a r i a b l e s  and EC,  ^ f o r  i n s t a n c e  have n o t  been o b t a i n e d  
by d i v i d i n g  t o t a l  p r i v a t e  m i l e a g e  o r  t o t a l  e n g i n e  c a p a c i t y  
o f  c a r s  f o r  a c e r t a i n  p e r i o d  by t h e  number  o f  c a r s  i n  use 
d u r i n g  t h a t  p e r i o d .  The c o r r e s p o n d i n g  t i m e  s e r i e s  a r e  o f ­
f i c i a l  e s t i m a t e s  based on r o a d  t r a f f i c  and e n g i n e  c a p a c i t y  
s amp l e  s u r v e y s  ( s e e  A p p e n d i x , f o r  s o u r c e s  and d e f i n i t i o n s ) .
By u s i n g  d a t a  d e r i v e d  f r o m  d i f f e r e n t  s o u r c e s ,  an i n d i r e c t  
check  on t h e  q u a l i t y  o f  t h e  i n f o r m a t i o n  used may be made.  . 
T h i r d ,  one c o u l d  c h a r a c t e r i s e  t h e  above  r e l a t i o n s h i p  as 
t e c h n o l o g i c a l  s i n c e  a l t h o u g h  t h e  f a c t o r s  a p p e a r i n g  i n  i t  
a r e  t h e  o u t co mes  o f  e c ono mi c  d e c i s i o n s  based on a d j u s t m e n t  
t o  changes  i n  t h e  e c on om ic  e n v i r o n m e n t ,  t h e y  c a n n o t  be 
c o n s i d e r e d ,  p r o p e r l y  s p e a k i n g ,  as e c o n o m i c  v a r i a b l e s  t h e m ­
s e l v e s .  I t  may be a r g u e d ,  t h e r e f o r e ,  t h a t  t h e  f o r m u l a t e d
r e l a t i o n s h i p  p r o v i d e s  a M i n k  h o t uo nn  a n . a n a l y s i s  e x c l u ­
s i v e l y  based on economi c  c o n s i d e r a t i o n s  and an a n a l y s i s  t h a t  c o n ­
c e n t r a t e s  on t e c h n o l o g i c a l  v a r i a b l e s  i g n o r i n g  t h e  i m p o r ­
t a n c e  o f  e c o n o m i c , f a c t o r s .  T h i s ,  as s t a t e d  a t  t h e  b e g i n n i n g  
( p a g e  5 ) ,  was one o f  t h e  c h a l l e n g i n g  o b j e c t i v e s  o f  t h i s  
s t u d y :  t o  r e c o n c i l e  two d i f f e r e n t  ways o f  a p p r o a c h i n g  t h e  
p r o b l e m  o f  p e t r o l  and -  d a t a  p e r m i t t i n g  -  e n e r g y  p r o d u c t s  
demand.  F o u r t h ,  a n a r r o w  c o n s i d e r a t i o n  w o u l d  seem t o  j u s t i f y  
a s i m p l e  OLS r e g r e s s i o n  o f  Qy^ on My , ECy and SPy.  B u t  
c a r e f u l  e x a m i n a t i o n  shows t h a t  t h e  l a s t  t h r e e  v a r i a b l e s  
c a n n o t  be c o n s i d e r e d  as exo ge no us  ( w h i c h  i s  one o f  t h e  r e ­
q u i r e m e n t s  o f  s i m p l e  ÜLS) .  These v a r i a b l e s  w o u l d  a c t u a l l y  
be exogenous  i f  t h e  i n f o r m a t i o n  r e l a t i n g  t o  them was t h e  
ou tcome o f  g e n u i n e  e x p e r i m e n t a t i o n ,  t h a t  i s  i f  we had f o r c e d  
t h e  c o mm u n i t y  o f  c onsumers  t o  t r a v e l  a r b r i t r a r i l y  chosen  
d i s t a n c e s  and t o  use a c e r t a i n  number  o f  c a r s  w i t h  p r e s p e ­
c i f i e d  c o n s u m p t i o n  c h a r a c t e r i s t i c s ,  and t h e n  o b s e r v e d  p e t r o l  
demand.  B u t  i n  p r a c t i c e  i t  i s  t h e  c ons umer s  t h e m s e l v e s  who 
have d e t e r m i n e d  t h e  l e v e l s  o f  M ^ , / E C y  and SPy a c c o r d i n g  t o  
p r i n c i p l e s  u n d e r l y i n g  t h e i r  b e h a v i o u r .  So,  w ha t  has t o  be 
examined  i s  how t h e  s e t  o f  v a r i a b l e s  a p p e a r i n g  i n  t h e  above  
r e l a t i o n s h i p  has been j o i n t l y  d e t e r m i n e d .  T h i s  may o n l y  be 
a c h i e v e d  by t h e  c o n s t r u c t i o n  o f  a s y s t e m  d e s c r i b i n g  t h e  r e ­
l e v a n t  p r o c e s s e s .  F i f t h ,  t h e  n a t u r e  o f  t h e  r e l a t i o n s h i p  
a l l o w s  a n o n - a b s t r a c t  i n t e r p r e t a t i o n  o f  t h e  e r r o r  t e r m .
The u s u a l  p r a c t i c e  i n  a p p l i e d  r e s e a r c h  i s  t h e  f o r m u l a t i o n  
o f  a r e a c t i o n  model  where  an e r r o r  t e r m  assumed t o  have some 
d e s i r a b l e  p r o p e r t i e s  i s  i n s e r t e d .  One s t a t e s  o r  assumes 
t h a t  t h e  e r r o r  t e r m  i s  n o t  c o r r e l a t e d  w i t h  t h e  e x p l a n a t o r y
v a r i a b l e s  i n  t h e  e q u a t i o n ,  one hopes t h a t  t h i s  c o n d i t i o n  
h o l d s .  I n  t h e  demand f o r  p e t r o l  e q u a t i o n  t h e r e  a r e  r e a s o n s  
t o  b e l i e v e  t h a t  t h e  e r r o r  t e r m  i s  i n  f a c t  c o r r e l a t e d  w i t h  
t h e  e x p l a n a t o r y  v a r i a b l e s  and t h u s  an a t t e m p t  t o  e s t i m a t e  
t h i s  r e l a t i o n s h i p  w i t h o u t  t a k i n g  i n t o  a c c o u n t  t h e  j o i n t  
d e t e r m i n a t i o n  o f  t h e  v a r i a b l e s  a p p e a r i n g  i n  i t  w o u l d  p r o d u c e  
u n r e l i a b l e  e s t i m a t e s  o f  t h e  c o e f f i c i e n t s .  The a r g u m e n t  may 
be e s t a b l i s h e d  by c o n s i d e r i n g  t he  e q u a t i o n :
= ' \ - y p f  ( s. 7.?)
where c , s t a n d s  f o r  t h e  a v e r ag e  c o n s u m o t i o n  c h a r a c t e r i s t i c s  o fpt.
t he  s t o c k  o f  p r i v a t e  c a r s  i n  u s e .  One wou l d  e x p e c t ,  as p o i n t e d
nu t  fra r  1 i. r:; r  ( p a (je 1 5 !;j ) , : t t i /1 r. a ve r  a f)r.; ca r a 1 1 ( a , ) , w.ni qh t
(w , ) ,  Giu j ine c a p a c i t y  ( I" Ü , ) and so on a m  f a c t o r s  t h a t  d o -  .
P
t e r m i n e  v a r i a t i o n s  i n  c , ,  w h i c h  i s  u nknown, t h a t  i sp t '
^ p t  Spy ,  U p y . . . . ' ' )  ( 5 . 7 . 3 )
A p a r t  f r o m  t h e  f i r s t  e x p l a n a t o r y  v a r i a b l e  on t h e  r i g h t  
hand s i d e  o f  t h e  above  r e l a t i o n s h i p  n o t h i n g  i s  known a b o u t  
Opt» and p o s s i b l y  o t h e r  f a c t o r s  t h a t  s h o u l d  have been
i n c l u d e d .  Thus i t  i s  c o n v e n i e n t  t o  s um ma r i s e  t h e  n e t  i n f l u e n c e  
o f  t h o s e  f a c t o r s  by t h e  i n t r o d u c t i o n  o f  an e r r o r  t e r m ,  e y .  
R e p l a c i n g  a^y  and w^,^ by e^ one o b t a i n s :
% t  = 9  EC^, e p  ( 5 . 7 . 4 )
and t h e r e f o r e
Qpt  = 9  E C t '  S P t '  Gt ) ( 5 . 7 . 5 )
N o w , s i n c e
= f (  ) ' ( 5 . 7 . 6 )
one e x p e c t s  t h a t
Qyt  = M t ,  EC^,  s p y ,  ey ) ( 5 . 7 . 7 )
I t  i s  n a t u r a l  now t o  e x p e c t  some c o r r e l a t i o n  be tween 
c a r  m i l e a g e  and age o f  a c a r  as w e l l  as be tween  w e i g h t  and 
e n g i n e  c a p a c i t y ,  t o  m e n t i o n  two o b v i o u s  e x am pl es  o n l y .
T h i s ,  g i v e n  t h a t  e^ s t a n d s  f o r  a ^ ^  and w ^ ^ ,  r e n d e r s  t h e  ÜLS 
method i n a p p r o p r i a t e  f o r  t h e  e s t i m a t i o n  o f  t h e  c o e f f i c i e n t s  
o f  t h e  r e l a t i o n s h i p .  T h i s  c o n c l u s i o n  i s  s t r e n g t h e n e d  when 
t h e  i d e n t i f i c a t i o n  c o n d i t i o n  o f  t h e  p e t r o l  demand e q u a t i o n  
i s  f o r m a l l y  examined  ( s e c t i o n s  5 . 8  and 5 . 9 ) .
The n e x t  s t e p  i s  t h e  c h o i c e  o f  t h e  a p p r o p r i a t e  e c o n o m e t r i c  
t e c h n i q u e  f o r  t h e  e s t i m a t i o n  o f  t h e  c o e f f i c i e n t s  o f  t h e  
s t r u c t u r a l  e q u a t i o n s .  H e r e ,  a l a r g e  number  o f  d i f f e r e n t  
c o m b i n a t i o n s  o f  t h e  v a r i a b l e s  i n c l u d e d  i n  t h e  b e h a v i o u r a l  
r e l a t i o n s h i p s  i s  p o s s i b l e ,  and as one wo u l d  e x p e c t  n o t  a l l  
v a r i a b l e s  p e r f o r m e d  s a t i s f a c t o r i l y .  E x p e r i m e n t a t i o n ,  f o r  
exampl 'e , .  w i t h  t h e  i nco me  v a r i a b l e  e x p r e s s e d  i n  ' p e r  h o u s e ­
h o l d '  t e r m s  d i d  n o t  l e a d  t o  any i m p r o v e m e n t  o f  t h e  r e s u l t s ,  
a p r o b a b l e  e x p l a n a t i o n  b e i n g  t h e  l a c k  o f  v a r i a t i o n  i n  t h e  
' a v e r a g e  f a m i l y  s i z e '  s e r i e s  used t o  t r a n s f o r m  p o p u l a t i o n  
i n t o  number  o f  h o u s e h o l d s .  Hence ,  t h i s  v a r i a b l e  was d r o p p e d
i n  f a v o u r  o f  t h e  morn c o n v e n t i o n a l  r e a l  i n c o me  p e r  c a p i t a  (YPK)  
v a r i a b l e .  The r e s u l t s  o b t a i n e d  when t h e  p r i c e  p e r  g a l l o n
o f  p remi um p e t r o l  was used ( t h e  u n d e r l y i n g  a s s u m p t i o n  b e i n g
t h a t  p e o p l e  a r e  l i k e l y  t o  r e s p o n d  t o  t h e  most  p u b l i c i s e d
g r a d e  o f  p e t r o l )  were  v i r t u a l l y  i d e n t i c a l  t o  t h o s e  o b t a i n e d
when t h e  o v e r a l l  a v e r a g e  p r i c e  o f  a l l  g r a d e s  was u s e d .
The c r e d i t  c o n d i t i o n s  v a r i a b l e  t r i e d ,  a l t h o u g h  i t  showed
, a s t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  r e l a t i o n s h i p  b e t we en
c hanges  i n  m inim um  d e p o s i t  r e q u i r e d  and v a r i a t i o n s  i n  c a r  
o w n e r s h i p  demand,  had t h e  r a t h e r  u n d e s i r a b l e  e f f e c t  o f  
r e n d e r i n g  t h e  i nco me  v a r i a b l e  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  
F i n a l l y ,  t h e  p e r f o r m a n c e  o f  t h e  i n d e x  o f  r a i l w a y  f a r e s ,  
w h e t h e r  used as a d e f l a t o r  o r  as a s e p a r a t e  v a r i a b l e  was 
g e n e r a l l y  p o o r .  T h e r e f o r e ,  on t h e  b a s i s  o f  e c o n o m i c ,  s t a t i ­
s t i c a l  and e c o n o m e t r i c  c r i t e r i a ,  t h e  above v a r i a b l e s  we­
re  e l i ' m i n a t e d  f r o m  t h e  r e l e v a n t  e q u a t i o n s .
I n  o r d e r  t o  f a c i l i t a t e  t h e  p r e s e n t a t i o n ,  t h e  i d e n t i f i ­
c a t i o n  c o n d i t i o n  o f  t h e  s y s t e m  i s  d i s c u s s e d  i n  t e r m s  o f  t h e  
f o u r  f i n a l l y  m o d i f i e d  e q u a t i o n s  t h a t  a r e  as f o l l o w s ;
E q u a t i o n  1;  S P y  = a^ + a ^ ( Y P K ) y  +  a ^ f P C ) ^  +  a^CbPOy^^ + a ^ ( P ) y
E q u a t i o n  2 ;  EC^ = b^ + b ^ ( P G ) y  + b^CEC)^^^.^
E q u a t i o n  3 :  My = cw + Cy( PG) y  + Cg f YPKÏ y
E q u a t i o n  4:  Qyy = d^ + d ^ ( M ) y  + d2 ( EC )y  + d^CSP)^
5 . 8  I d e n t i f i c a t i o n  o f  t h e  model
A c c o r d i n g  t o  e c o n o m e t r i c  t h e o r y ,  two c o n d i t i o n s  have  t o  
be s a t i s f i e d  f o r  an e q u a t i o n  t o  be i d e n t i f i e d .  The f i r s t ,  
known as t h e  " o r d e r  c o n d i t i o n " , r e q u i r e s  t h a t ;
" F o r  an e q u a t i o n  t o  be i d e n t i f i e d  t h e  t o t a l  number  
o f  v a r i a b l e s  e x c l u d e d  f r o m  i t  b u t  i n c l u d e d  i n  o t h e r  
e q u a t i o n s  must  be a t  l e a s t  as g r e a t  as t h e  number  
o f  e q u a t i o n s  o f  t h e  s y s t e m  l e s s  o n e " . *
A. K o u t s o y i a n n i s , op .  c i t . ,  p . 342 g i v e s  an e x p l a n a t i o n  o f
t h e s e  c o n c e p t s  and a few e x a m p l e s ,  w i t h o u t  u s i n g  m a t r i x  
a l g e b r a  t e r m i n o l o g y .
L e t  G = number  o f  e q u a t i o n s  i n  t h e  model
K = number  o f  a l l  v a r i a b l e s  i n  t h e  model  ( e nd o g e n o u s
p l u s  p r e d e t e r m i n e d )  
and M.= number  o f  endogenous  and exogenous  v a r i a b l e s  i n d u -
ded i n  e q u a t i o n  i ,  where  i = 1 , 2 , 3  and 4.
Then a c c o r d i n g  t o  t h e  o r d e r  c o n d i t i o n :
( K - M . ) è  ( G - 1 )
I n  t h e  case  u n d e r  c o n s i d e r a t i o n  s i n c e  G=4, K=10,  M%=4, ^2=3
M^=3 and M^=4 t h e  above r e q u i r e m e n t  i s  s a t i s f i e d  f o r  a l l  
e q u a t i o n s .
The second  c o n d i t i o n ,  known as t h e  " r a n k  c o n d i t i o n "  
states:
" I n  a s y s t e m  o f  G e q u a t i o n s  any p a r t i c u l a r  
e q u a t i o n  i s  i d e n t i f i e d  i f  and o n l y  i f  i t  i s  p o s s i b l e  
t o  c o n s t r u c t  a t  l e a s t  one n o n - z e r o  d e t e r m i n a n t  
o f  o r d e r  ( G - 1 )  f r o m  t h e  c o e f f i c i e n t s  o f  t h e  v a r i a b l e s  
e x c l u d e d  f r o m  t h a t  p a r t i c u l a r  e q u a t i o n  b u t  c o n t a i n e d  
i n  t h e  o t h e r  e q u a t i o n s  o f  t h e  m o d e l " . *
I n  t h e  model  u n d e r  s t u d y  a p o s s i b l e  s e t  o f  p a r a m e t e r s  
i s  g i v e n  i n  t h e  t a b l e  b e l o w :
*  A. K o u t s o y i a n n i s , op .  c i t . ,  p .  343 .
The t e r m  " r a n k  c o n d i t i o n "  i s  due t o  t h e  r a n k  o f  t h e  
m a t r i x  o f  p a r a m e t e r s  o f  e x c l u d e d  v a r i a b l e s .  The r a n k  
o f  a m a t r i x  i s  t h e  o r d e r  o f  t h e  l a r g e s t  n o n - z e r o  d e t e r '  
m i n a n t  w h i c h  can be f o r m e d  f r o m  t h e  m a t r i x .
V a r i a b l e s SPt ÜTt YPKy P M 1 P ^ t S P t -1 Pt
E q u a t i o n s
1 t
1 1 0 0 0 ^1 0 0 ®2 ^4
2 0 1 0 0 0 ^1 ■ ^2 0 0 0
3 0 0 1 0 ^2 G 0 0 0
4.
" 3 . d2 d .
1 0 0 0 0 0 0
F o l l o w i n g  t h e  above r u l e , t h e v a l u e s o f t h e n o n - z e r o
d e t e r m i n a n t s  o f  o r d e r  3 t h a t  may be f o r me d a r e  :
1 : c,, ( f r o m c o l umn s 2 , 6 and 4)
2 : Cgd
For  e q u a t i o n
3 : b2
1 + (
(
I I
I I
I I
I I
1 , 5
1 , 7
" 3)  
" 4)
4 : a^b 2^1 ( 11 I I 5 , 7 " 6 )
w h i c h  i m p l i e s  t h a t  t h e  r a n k  c o n d i t i o n  f o r  i d e n t i f i c a t i o n  i s  
s a t i s f i e d  as w e l l .
5 . 9 .  C h o i c e  o f  t h e  a p p r o p r i a t e  e s t i m a t i o n  m e t h o d s *
As f o r  t h e  e c o n o m e t r i c  t e c h n i q u e s  t o  be s e l e c t e d ,  f o r  
t h e  b e h a v i o u r a l  e q u a t i o n s  1 , 2  and 3 t h e  c h o i c e  i s  s t r a i g h t ­
f o r w a r d .  S i n c e  no endogenous  v a r i a b l e s  a p p e a r  on t h e i r  r i g h t  
hand s i d e  use o f  OLS i s  l e g i t i m a t e .  Ho we v er ,  e q u a t i o n s  1 
and 2 were  d e r i v e d  on t h e  a s s u m p t i o n  t h a t  some s o r t  o f  a d j u s t ­
ment  i s  a t  wor k  w i t h  r e s p e c t  t o  d e s i r e d  c a r  o w n e r s h i p
and d e s i r e d  e n g i n e  c a p a c i t y .  I n  each case
*  The d i s c u s s i o n  on . t h i s  s e c t i o n  i s  based on J o h n s t o n  
op .  c i t . ,  c h a p t e r  10.
t h e  t r a n s i t i o n  f r o m  an e q u a t i o n  w h i c h  c a n n o t  be e s t i m a t e d  
t o  a n o t h e r  i n c l u d i n g  o b s e r v a b l e  v a r i a b l e s  p r o d u c e d  a l a g g e d  
v a l u e  o f  t h e  endogenous  v a r i a b l e .  T h i s  r a i s e s  some e s t i m a ­
t i o n  p r o b l e m s  t h a t  depend on t h e  a s s u m p t i o n s  made c o n c e r n ­
i n g  t h e  r e l e v a n t  d i s t u r b a n c e  t e r m s .  Here t h e  f o l l o w i n g  s i m p l e  
p o s s i b i l i t i e s  may be d i s t i n g u i s h e d :
i )  The d i s t u r b a n c e  t e r m s  a r e  n o r m a l l y  and i n d e p e n d e n t l y  
d i s t r i b u t e d  ( N I D )  and
i i )  t h e  d i s t u r b a n c e  t e r m s  f o l l o w  a f i r s t  o r d e r  a u t o r e g r e s ­
s i v e  scheme o f  t h e  f o r m :
® i t  P i ^ i , t - 1  ^ i t
where
( Pyl 1 and t h e  v . ' f e  a r e  NID,
Under  ( i )  t h e  o n l y  c o m p l i c a t i o n  i n  e q u a t i o n s  1 and 2 i s  
t h e  p r e s e n c e  o f  l a g g e d  endogenous  v a r i a b l e s  as e x p l a n a t o r y  
f a c t o r s ,  • I n  t h i s  c a s e ,  as some Monte  C a r l o  s t u d i e s  have 
shown,  l e a s t  s q u a r e s  s t i l l  seems t h e  b e s t  e s t i m a t i n g  t e c h n i ­
q u e , *  N e v e r t h e l e s s ,
" o n e  i s  n e v e r  on f i r m  g r o u n d  i n  s p e c i f y i n g  t h e  
e x i s t e n c e  and p r o p e r t i e s  o f  d i s t u r b a n c e  t e r m s . . .
W h i l e  t h e r e  may w e l l  be c a se s  where  l a g g e d  
Y ' s  and s e r i a l l y  u n c o r r e l a t e d  d i s t u r b a n c e s  may 
be v a l i d  a s s u m p t i o n s  we mus t  now e x t e n d  t h e  
a n a l y s i s  t o  c o v e r  t h e  case  o f  l a g g e d  Y ’ s and 
s e r i a l l y  c o r r e l a t e d  d i s t u r b a n c e s " . *
* J .  J o h n s t o n ,  o p .  c i t . ,  p . p .  3 0 6 - 3 0 7  and r e f e r e n c e s  t h e r e i n .
T h i s  r e l a t e s  t o  ( i i )  a b o v e .  The c o m b i n a t i o n  o f  l a g ­
ged endogenous  v a r i a b l e s  and s e r i a l l y  c o r r e l a t e d  d i s t u r ­
bances  i n v a l i d a t e s  t h e  d e s i r a b l e  p r o p e r t i e s  o f  t h e  OLS e s t i ­
m a t o r s ,  M o r e o v e r  i n  t h i s  case  " t h e  c o n v e n t i o n a l  D-U t e s t  
i s  b i a s e d  t o w a r d s  t h e  v a l u e  f o r  a random d i s t u r b a n c e " , *
In  e s t i m a t i n g  e q u a t i o n s  1 and 2 t h e  v i e w  i s  a d o p t e d  t h a t  
" t h e  D-U t e s t  i s  n o t  a p p l i c a b l e  t o  an e q u a t i o n  c o n t a i n i n g  
l a g g e d  ( d e p e n d e n t )  v a l u e s  among t h e  e x p l a n a t o r y  v a r i a b l e s " . * *  
T h i s  does n o t  i m p l y ,  t h o u g h  ,'  t h a t  a u t o c o r r e l a t i o n  may be 
r e g a r d e d  as a b s e n t .  S e v e r a l  s u g g e s t i o n s  and e s t i m a t i o n  
methods  have been p u t  f o r w a r d  a i m i n g  a t  t h e  d e t e c t i o n  o f  
t h e  unknown a u t o c o r r e l a t i o n  c o e f f i c i e n t , * * *  A l l  t h e s e  
methods  r e s t  upon some k i n d  o f  o p t i m i s a t i o n  s e a r c h  p r o c e d u r e  
§nd a r e  t i m e  c o n su mi n g ,  w h i ch  l i m i t s  t h e  p r a c t i c a l  c h o i c e  
to  t h e  c o m p u t a t i o n a l  f a c i l i t i e s  a v a i l a b l e * * * * .
For  e q u a t i o n  4 t h e  a p p e a r a n c e  o f  endogenous  v a r i a b l e s  
as e x p l a n a t o r y  f a c t o r s  r e q u i r e s  a n o t h e r  s u i t a b l e  t e c h n i q u e ,  
and i n s t r u m e n t a l  v a r i a b l e s  ( I V )  o r  two s t a g e  l e a s t
*  3 ,  J o h n s t o n ,  op .  c i t . ,  p . p .  3 0 5 - 3 0 7  and r e f e r e n c e s  t h e r e i n .
* *  J ,  J o h n s t o n ,  op .  c i t . ,  p .  3 0 9 .  •
* * *  see A. K o u t s o y i a n n i s ,  op .  c i t . ,  c h .  10 and J .  J o h n s t o n ,  
o p . c i t . , c h .  10.
* * * * I n  t h i s  s t u d y  a c o m p u t i n g  p r o g r a m  p r e p a r e d  by D . F . H e n d r y  
o f  t h e  L . 3 . E .  was used ^ s e e  ’ GIl /E ’ , o p . c i t . ) ,.a summary 
o f  w h i c h  i s  g i v e n  i n  t h e  a p p e n d i x .
s q u a r e s  (2SLS)  w ou l d  seem a p p r o p r i a t e .  As f a r  as t h e  ( I li ) 
method i s  c o n c e r n e d ,  some o b j e c t i o n s  have been r a i s e d ,  t h e  
main  b e i n g  t h a t  t h e  s e l e c t i o n  o f  p r e d e t e r m i n e d  v a r i a b l e s  
t o  be used as i n s t r u m e n t s  i s  t o  a c e r t a i n  e x t e n d  a r b i t r a r y ^
And
” I t  i s  c l e a r  t h a t  t h e  v a l u e  p f  t h e  e s t i m a t e s  w i l l  
d i f f e r  accord ing  t o  t h e  s e t  o f  i n s t r u m e n t a l  v a r i a b l e s
c h o s e n :  t o  each c h o i c e  o f  11/ c o r r e s p o n d s  a d i f f e r e n t
s e t  o f  p a r a m e t e r  e s t i m a t e s .  The s e t  o f  i n s t r u m e n t a l  
v a r i a b l e s  w h i c h  we may choose  i s  n o t  u n i q u e .  Gur 
c h o i c e  and hence t h e  e s t i m a t e s , a r e  a r b i t r a r y ,  a f a c t  
t h a t  r e n d e r s  t h i s  method n o t  p a r t i c u l a r l y  d e s i r a b l e ’' . *
The 2 5LG method chosen f o r  t h e  e s t i m a t i o n  o f  e q u a t i o n  4 
has been a c c e p t e d  as t h e  most  i m p o r t a n t  o f  t h e  s i n g l e  e q u a t i o n  
t e c h n i q u e s  f o r  t h e  e s t i m a t i o n  o f  p a r a m e t e r s  o f  o v e r i d e n t i f i e d  
m o d e l s .  I n  s i m p l e  t e r m s ,  t h e  method i m p l i e s  a p p l i c a t i o n  o f  
OLS i n  two s t a g e s .  I n  t h e  f i r s t ,  t h e  endogenous  e x p l a n a t o r y  
v a r i a b l e s  a r e  r e g r e s s e d  n g n i i i s t  a l l  p r e d e t e r m i n e d  v a r i a b l e s  
i n  t h e  s ys t e m  and t l i e i r  t h e o r e t i c a l  v a l u e s  a r e  o b t a i n e d .
I n  t h e  s e c o n d ,  t h e  d e p e n d e n t  v a r i a b l e  o f  i n t e r e s t  i s  r e ­
g r e s s e d  a g a i n s t  t i i e  t h e o r e t i c a l  v a l u e s  o f  t l i e  endogenous
r e g r e s s o r s  and t h e  r e m a i n i n g  e xogenous  v a r i a b l e s  f o r  t h e  
e s t i m a t i o n  o f  t h e  s t r u c t u r a l  p a r a m e t e r s .  The method seems 
t o  be i n  a c c o r d a n c e  w i t h  t h e  p h i l o s o p l i y  u n d e r l y i n g  t h e  moi.le 1 
t i l  a t  has been f o r m u l a t e d ,  ' . i h i ch  i m p l i e s  t h a t  a t  f i r s t  c o n s u ­
mers d e c i d e  on t h e  b a s i s  o f  t he  p r e v a i l i n g  p r i c e s ,  i ncome
*  see A, K o u t s o y i a n n i s , Ip,, c i t .  , ch .  1D and d.  J o h n s t o n  
op.  c i t . ,  c h .  10.
and p a s t  e x p e r i e n c e  a b o u t  t h e  c u r r e n t  l e v e l s  o f  m i l e a g e ,  
e n g i n e  c a p a c i t y  and t h e  number  o f  c a r s  i n  u s e .  Then v a r i a ­
t i o n s  I n  t h e s e  l e v e l s  d e t e r m i n e ,  t h r o u g h  a t e c h n o l o g i c a l  
r e l a t i o n s h i p ,  t h e  l e v e l  o f  p e t r o l  c o n s u m p t i o n  i n  t h e  c u r ­
r e n t  p e r i o d ,
5 . 1 0  E s t i m a t i o n  o f  t h e  model
As p o i n t e d  o u t  p r e v i o u s l y ,  a f a i r  amount  o f  e x p e r i m e n t a ­
t i o n  i s  r e q u i r e d  f o r  t h e  e s t i m a t i o n  o f  t h e  b e h a v i o u r a l  
equat ions o f  t h e  s y s t e m ,  a i m i n g  a t  t h e  d e t e c t i o n  o f  t h o s e  
e x p l a n a t o r y  f a c t o r s  t h a t  seem t o  cause  v a r i a t i o n s  i n  t h e  
e ndogenous  v a r i a b l e s .  S i n c e  t h i s  i s  e s s e n t i a l l y  an e m p i r i ­
c a l  q u e s t i o n ,  i t  was t h o u g h t  t h a t  an e x h a u s t i v e  r e p o r t  o f  
t h e  ou tcome o f  t h i s  e x p e r i m e n t a t i o n  w ou l d  be p o i n t l e s s .
Hence i n  t h i s  s e c t i o n  o n l y  t h o s e  r e s u l t s  t h a t  were  c o n s i d e r e d  
more s a t i s f a c t o r y  a r e  p r e s e n t e d ,  ( t a b l e  29)  and t h e  d i s c u s ­
s i o n  t h a t '  f o l l o w s  c o n c e n t r a t e s  upon them ( s e c t i o n  5 . I T ) .
The t i m e  s e r i e s  o f  t h e  v a r i a b l e s  emp loyed  i n  t h i s  s e c t i o n  
a l o n g  w i t h  t h e i r  s o u r c e s  a r e  g i v e n  i n  d e t a i l  i n  t h e  d a t a  
a p p e n d i x .
A r e p r e s e n t a t i v e  s e t  np. a l t e r n a t i v e  f o r m u l a t i o n s  i s  g i v e n  
i n  t h e  A p p e n d i x .
TABLE 29 ’
U . K.  T o t a l  Demand f o r  P e t r o l :  1955 -  1973
E s t i m a t i o n  o f  m u l t i - e q u a t i o n  s y s t e m: L o g a r i t hmic  v e r s i o n  
Eq u a t i o n  1
( V a r i a b l e s  i n  d e v i a t i o n  f o r m )
( S P ) ^  = 5 , 3 1 9 ( P ) ^  + . 2 5 4 ( Y P K ) ^  -  , 3 1 7 2 ( PC) ^ + . 3 5 4 8 ( SP)
t - s t a t i s t i c s  ( 2 . 4 1 7 )  ( 2 , 2 0 7 )  ( 3 . 3 3 9 )  ( 2 . 2 4 0 >
= . 9 9 9
D-U = n . a . *
E s t i m a t i o n  m e t h o d :  OLS ( c o r r e c t e d  f o r  a u t o c o r r e l a t i o n )
E q u a t i o n  ^
( V a r i a b l e s  i n  d e v i a t i o n  f o r m )
( E C ) t  = -  . 0 9 3 ( P G ) t  + . 9 1 5 ( E C ) t _ i  
t - s t a t i s t i c s  ( 2 . 5 9 7 )  ( 1 9 . 2 5 8 )
= .979  :
Dt U =  n . a . *
E s t i m a t i o n  m e t h o d :  OLS -
Equat i o n .  3
( V a r i a b l e s  i n  d e v i a t i o n  f o r m )
( M ) t  = . 4 0 9 7 ( Y P K ) t  “  . 2 2 0 ( P G ) t
t - s t a t i s t i c s  ( 3 . 5 1 9 )  ( . 9 6 8 )
= . 863  
D-U = 1 . 5 0 3  
E s t i m a t i o n  m e t h o d :  OLS
E q u a t i o n  4
( Q y ) t  = -  3 . 4 2 5  + , . 619(1 ' ] ) ^  + 1 . 4 0 8 ( 5 0 ) ^  + . 7 6 6 ( S P ) ^
t - s t a t i s t i c s  ( 2 . 5 3 9 )  ( 7 . 5 3 1 )  ( 8 . 6 3 3 )  ( 3 2 . 9 3 3 )
R^ = . 99 8  
D-U = 1 . 6 3
E s t i m a t i o n  m e t h o d :  TSLS
■ X - n . a .  = n o t  a p p l i c a b l e  ( s e e  t e x t ,  page 160 ) ,
5.  T1 E v a l u a t i o n  o f  t h e  e s t i m a t e s
E x a m i n a t i o n  o f  t h e  e s t i m a t e d  c o e f f i c i e n t s  ( e l a s t i c i t i e s )
shows t h a t  i n  g e n e r a l  t h e  r e s u l t s  a r e  p l a u s i b l e  w i t h  r e g a r d  
t o  a p r i o r i  ( e c o n o m i c  o r  o t h e r w i s e )  c r i t e r i a .  Changes i n  
c a r  p r i c e s  ( P C )^  o r  t h e  p r i c e  o f  p e t r o l  ( PG) ^  a r e  n e g a t i v e l y  
r e l a t e d ,  as one w o u l d  e x p e c t ,  t o  changes  i n  c a r  o w n e r s h i p  
( S P ) ^ ,  a v e r a g e  c a r  e n g i n e  c a p a c i t y  ( E C) ^  and c a r  u t i l i s a t i o n  
( M ) ^ .  V a r i a t i o n s ,  on t h e  o t h e r  h and ,  I n  c a r  o w n e r s h i p  (SP)^^ 
and c a r  u t i l i s a t i o n  ( M) ^  a r e  p o s i t i v e l y  r e l a t e d  t o  changes
i n  i ncome ( YPK )^  and p o p u l a t i o n  ( P ) ^ .  A s i m i l a r  a r g u m e n t  i s
i n  o r d e r  w i t h  r e s p e c t  t o  t h e  s i g n s  o f  t h e  c o e f f i c i e n t s  o f  
e q u a t i o n  4,  w h i c h  show t h a t  v a r i a t i o n s  i n  a v e r a g e  m i l e a g e  
( M ) ^ ,  e n g i n e  c a p a c i t y  ( E C ) ^  o r  t h e  s t o c k  o f  c a r s  i n  use ( S P ) ^  
a r e  p o s i t i v e l y  r e l a t e d  t o  p e t r o l  demand ( Q y ) ^ .
T u r n i n g  t o  t h e  e x a m i n a t i o n  o f  t h e  i n d i v i d u a l  b e h a v i o u r a l  
e q u a t i o n s  t h e  f o l l o w i n g  may be n o t e d ;
A l l  c o e f f i c i e n t s  o f  e q u a t i o n  1 a r e  s t a t i s t i c a l l y  s i g n i ­
f i c a n t  a t  5'/o. The c o e f f i c i e n t  o f  t h e  l a g g e d  s t o c k  v a r i a b l e  
( S P ) ^ ^  a p p e a r i n g  on t h e  r i g h t  hand s i d e  o f  e q u a t i o n  1 p r o ­
v i d e s  an e s t i m a t e  o f  t h e  speed w i t h  w h i c h  t h e  a c t u a l  s t o c k  
a d j u s t s  t o  t h e  d e s i r e d  s t o c k .  S i n c e  a c c o r d i n g  t o  w h a t  has 
been p r e v i o u s l y  s a i d  t h i s  i s  e q u a l  t o  ( l - ç ) ,  ç  b e i n g  t h e  
speed o f  a d j u s t m e n t ,  i t  f o l l o w s  t h a t  a l m o s t  65^^ o f  t h e  d i f ­
f e r e n c e *  be tween  a c t u a l  and d e s i r e d  s t o c k  i s  made up d u r i n g
*  S i n c e  t h e  l o g a r i t h m i c  v e r s i o n  o f  t h e  s t o c k  a d j u s t m e n t
model  i s  u s e d ,  t h e  word ' d i f f e r e n c e *  r e f e r s  t o  t h e  l o g a ­
r i t h m s  o f  t h e  d e s i r e d  and a c t u a l  s t o c k .
e v e r y  p e r i o d  ( y e a r ) .  The e a s i e s t  way to  t h i n k  o f  t h e  ad jus t r  
ment  c o e f f i c i e n t  i s  i n  t e rms o f  t he  number  o f  p e r i o d s  ( y e a r s )  
t h a t  a r e  r e q u i r e d  t o  make up c e r t a i n  p r o p o r t i o n  o f  t h e  t o t a l  
d i f f e r e n c e  between a c t u a l  and d e s i r e d  s t o c k .  The number  o f  
y e a r s  r e q u i r e d  to  make u p ’ ’65/h, 88^  and 96% o f  t h e  d i f f e r e n c e  
a r e  shown i n  t h e  f o l l o w i n g  t a b l e .  These c a l c u l a t i o n s  s u g ­
g e s t  t h a t  a l m o s t  96% o f  t he  gap i s  made up d u r i n g  a t h r e e  
y e a r  p e r i o d .  Such a c o n c l u s i o n  seems t o  be i n  f a i r l y  c l o s e  
ag ree me nt  w i t h  t h e  one re a ch ed  by O d l i n g - S m e e  who,  e x p e r i ­
m e n t i n g  w i t h  q u a r t e r l y  d a t a ,  f o u n d  t h a t  13 q u a r t e r s  a r e  r e ­
q u i r e d  t o  c l o s e  99% o f  t h e  gap between a c t u a l  and d e s i r e d  
s t o c k .
TABLE 30
A d j u s t m e n t  o f  a c t u a l  s t o c k  t o  d e s i r e d  s t o c k  o f  c a r s  
{% d i f f e r e n c e  made up)
Year  . D u r i n g  p e r i o d  ' T o t a l -  R em a i n i n g
1 65 65 35
2 2 2 . 7 5  8 7 . 7 5  1 2 . 2 5
3 7 . 9 6  95.71 4 . 2 9
The economi c  ( i ncome and p r i c e  o f  c a r s )  and d e m o g r a p h i c  
( p o p u l a t i o n )  v a r i a b l e s ,  assumed to  d e t e r m i n e  v a r i a t i o n s  i n  
t h e  d e s i r e d  s t o c k  o f  c a r s ,  a p pe a r  to  i n f l u e n c e  c u r r e n t  c a r  
s t o c k .  However ,  t h e  income e l a s t i c i t y  f o u n d  i n  t h i s  s t u d y  
a p pe a rs  t o  be l o w e r  ( 0 . 2 5 4 )  t h a n  t h o s e  r e p o r t e d  by O d l i n g -  • 
Smee (he r e p o r t s  i ncome e l a s t i c i t i e s  r a n g i n g  f rom 0 . 3 7  t o  
0 . 4 2 )  w h i l e  t he  p r i c e  v a r i a b l e  i n  o u r  case a p p e a r s  t o  he a 
s i g n i f i c a n t  e x p l a n a t o r y  f a c t o r  u n l i k e  t h e  s t a t i s t i c a l l y
i n s i g n i f i c a n t  p r i c e  v a r i a b l e  o f  t h e  above s t u d y . *
The c o e f f i c i e n t s  o f  e q u a t i o n  2,  w h i ch  shows t h e  e f f e c t  
o f  p e t r o l  p r i c e  (PG)^  changes on v a r i a t i o n s  i n  t h e  a v e r ag e  
e n g i n e  c a p a c i t y  (EC)y  o f  t h e  c a r  p o p u l a t i o n , a r e  a l s o  s i g n i ­
f i c a n t  a t  5%. I n  t he  s h o r t - r u n  t h e  p r i c e  o f  p e t r o l  e f f e c t  
seems to  be f a i r l y  s m a l l ,  g i v e n  t h a t , a s  t h e  p r i c e  c o e f f i c i e n t  
i n d i c a t e s ,  a 1% i n c r e a s e  i n  t he  r e a l  p r i c e  o f  p e t r o l  w i l l  
be f o l l o w e d  by a l e s s  t ha n  0.1% d e c r e a s e  i n  t h e  a v e r ag e  
e n g i n e  c a p a c i t y  o f  c a r s .  T h i s ,  h o we v er ,  i s  n o t  a t o t a l l y  
u n r e a l i s t i c  r e s u l t .  S i n c e  a change i n  t h e  a v e r a g e  e n g i n e  
c a p a c i t y  o f  t h e  c a r  p o p u l a t i o n  w i l l  come a b o u t  o n l y  t h r o u g h  
a change i n  t h e  d e s i r e d  c h a r a c t e r i s t i c s  o f  new c a r  r e g i s t r a ­
t i o n s  ( t h a t  i s ,  r e p l a c e m e n t  p l u s  new demand f o r  c a r s ) ,  t h e  
d e p r e s s i n g  i n f l u e n c e  o f  p e t r o l  p r i c e  i n c r e a s e s  w i l l  n a t u ­
r a l l y  be f e l t  o v e r  a number o f  y e a r s ,  d u r i n g  w h i c h  a new 
e q u i l i b r i u m  w i t h  r e s p e c t  t o  c a r  c h a r a c t e r i s t i c s  w i l l  be 
r e a c h e d .
U t i l i s a t i o n  o f  t h e  e s t i m a t e d  c o e f f i c i e n t s  o f  e q u a t i o n  .2 
p r o v i d e s  an e s t i m a t e  o f  such an e q u i l i b r i u m  v a l u e .  I n  o r d e r  
t o  c a l c u l a t e  i t ,  e q u a t i o n  2,  w h i c h  was e s t i m a t e d  i n  d e v i a t i o n  
f o r m ,  has t o  be e x p r e s s e d  i n  a b s o l u t e  v a l u e s .  T h i s  g i v e s :  
l n ( [ C ) t  = . 94  -  . 0 9 3 1 n ( P G ) ^  + . 9 1 5 1n( EC) ^_
Now, g i v e n  t h a t  i n  e q u i l i b r i u m  t h e  a v e r a g e  e n g i n e  c a p a -
*  O d l i n g - S m e e ,  op .  c i t . ,  p .  197.
c i t y  o f  t h e  c a r  p o p u l a t i o n  i n  p e r i o d  t - 1  w i l l  be e q u a l  t o  
t h a t  i n  p e r i o d  t ,  one o b t a i n s  t h e  e q u i l i b r i u m  v a l u e  by 
s o l v i n g  t h e  above e q u a t i o n  w i t h  r e s p e c t  t o  EC^:
( l - . 9 1 5 ) l n ( E C ® )  = . 9 4  -  . 09 3 1 n ( P G ) y
(wher e  e . d e n o t e s  e q u i l i b r i u m )  
o r
l n ( EC ®)  = 1 1 . 0 5 9  -  1 . 0 9 4 1 n ( P G ) ^
R e p l a c i n g  (PG)^  by i t s  v a l u e  i n  1974 ( t h a t  i s ,  t h e  y e a r  
o f  t h e  f i r s t  c o n s i d e r a b l e  p r i c e  i n c r e a s e  o f  p e t r o l )  and 
a ssuming  t h a t  t h i s  may be t a k e n  as t h e  e q u i l i b r i u m  v a l u e  
p r e v a i l i n g  i n  t h e  f u t u r e  i t  t u r n s  o u t  t h a t :
I n ( E C ^ )  = 1 1 .0 59  -  1 . 0 9 4 ( l n 3 5 . 4 8 4 )
EC^ = 1 279 .76  
^  1280 c . c .
T h i é  c a l c u l a t i o n  shows t h e  c o n s i d e r a b l e  d e p r e s s i n g  
i n f l u e n c e  o f  p e t r o l  p r i c e  i n c r e a s e s  i n  t he  l o n g - r u n ,  g i v e n  
t h a t  t h e  f i g u r e  o f  1 2 8 0 . c . c .  r e p r e s e n t s  an a l m o s t  10% de­
c r e a s e  o v e r  t h e  1973 a v e r a g e  v a l u e  o f  t h e  e n g i n e  c a p a c i t y  
o f  t h e  c a r  p o p u l a t i o n ,  w h i c h  was a p p r o x i m a t e l y  e q u a l  t o  
1400 c . c .  However ,  t h e  p r o c e s s  o f  a d j u s t m e n t  (as  i n d i c a t e d  
by t h e  c o e f f i c i e n t  o f  t h e  l a g g e d  d e p e n d e n t  v a r i a b l e ,  ( EC) ^  ^ ) 
a pp ea r s  t o  be e x t r e m e l y  s l o w .  I n  f a c t , a s s u m i n g  a r o u nd  10% 
( i n s t e a d  o f  8 .5%)  a d j u s t m e n t  d u r i n g  e v e r y  p e r i o d  i t  t u r n s  
o u t  t h a t  a p e r i o d  o f  10 y e a r s  i s  r e q u i r e d  t o  c l o s e  65% 
o f  t h e  gap between d e s i r e d  and a c t u a l  l e v e l s  o f  ; t he  a v e r a g e  
e n g i n e  c a p a c i t y  o f  t h e  c a r  p o p u l a t i o n .
E q u a t i o n  3,  shows t h a t  i ncome (YPK)^  -  s i g n i f i c a n t  
a t  5% -  a p pe ar s  t o  p l a y  a more i m p o r t a n t  r o l e  w i t h  r e s p e c t  
t o  v a r i a t i o n s  i n  t h e  a v e r a g e  d i s t a n c e  (M)^  t r a v e l l e d  by 
t h e  a v e r ag e  c a r  t ha n  t h e  p r i c e  o f  p e t r o l  (PG)^  whose c o e f ­
f i c i e n t , a s  t h e  t - v a l u e  i n d i c a t e s , i s  a l m o s t  e q u a l  t o  i t s  
s t a n d a r d  e r r o r .  Such a r e s u l t  t h o ug h  i s  n o t  s u r p r i s i n g  g i ­
ven t h e  r e l a t i v e l y  s m a l l  v a r i a t i o n s  i n  t he  r e a l  p r i c e  o f  
p e t r o l  d u r i n g  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n  ( 1 9 5 5 - 1 9 7 3 ) .  
Hence a l t h o u g h  p u r e  s t a t i s t i c a l  c o n s i d e r a t i o n s  w ou l d  s u g ­
g e s t  d r o p p i n g  t h e  PG v a r i a b l e  f r om e q u a t i o n  3 as s t a t i s t i ­
c a l l y  n o t  v e r y  s i g n i f i c a n t  ( i n  f a c t  i t  becomes s t a t i s t i ­
c a l l y  s i g n i f i c a n t  a t  t h e  20% l e v e l * ) ,  j u d g e m e n t  w o u l d  d i c t a t e  
t h a t  t h e  e s t i m a t e d  c o e f f i c i e n t ,  i f  n o t  i n c r e a s i n g  ( i n  a b s o ­
l u t e  t e r m s )  w ou l d  a t  l e a s t  become s t a t i s t i c a l l y  more s i g n i ­
f i c a n t  i n  p e r i o d s  o f  d r a s t i c  p r i c e  i n c r e a s e s .  Thus i t  was 
d e c i d e d  n o t  t o  d r op  PG f ro m t h e  m i l e a g e  e q u a t i o n . * *  However ,  
t h i s  r a t h e r  a r b i t r a r y  d e c i s i o n  does n o t  seem u n j u s t i f i a b l e  
i n  v i e w  o f  t h e  outcome o f  a p a r a m e t e r  s t a b i l i t y  e x e r c i s e  
p e r f o r m e d  ( see  b e l o w ) .
* Fo r  17 d eg re e s  o f  f reedom and u s i n g  t h e  one t a i l  t e s t  
( see  page 5 9 ) .
* *  The p r a c t i c e  o f  n o t  d r o p p i n g  a c o e f f i c i e n t  when i t s  
v a l u e  i s  e q u a l  t o  i t s  s t a n d a r d  e r r o r  i s  n o t  u n u s u a l .
See P.  B a l e s t r a ,  o p .  c i t . ,  F i s h e r  and Ka yse n,  op .  c i t . ,  
and H o u t h a k k e r  and T a y l o r  op .  c i t .
I n v e s t i g a t i o n  o f  w h e t h e r  t h e  u n s a t i s f a c t o r y  p e r f o r ­
mance o f  t h e  p r i c e  v a r i a b l e  i n  t h e  above e q u a t i o n  was due 
t o  e c o n o m e t r i c  p r o b l e m s  ( na me ly  a u t o c o r r e l a t i o n  and m u l t i -  
c o l  1 L n e a r i  t y  ) d i d  n o t  p r o v i d e  s t r o n g  e v i d e n c e  t h a t  t h i s  
m i g h t  have been t h e  c a s e .
The v a l u e  o f  t h e  D-U s t a t i s t i c  ( = 1 . 5 0 3 ) ,  a l t h o u g h  b e t w e ­
en t h e  l o w e r  (dj  = 1 . 0 8 ) .  and u p p e r  (d^ j^ = 1 . 5 3 )  c r i t i c a l  
v a l u e s  a t  t h e  5% s i g n i f i c a n c e  l e v e l  ( w h i c h ,  s t r i c t l y ,  wou ld  
i m p l y  t h a t  t h e  t e s t  i s  i n c o n c l u s i v e )  was v e r y  c l o s e  t o  t h e  
dy v a l u e .  Hence a p a r t  f r om r e s p e c i f i c a t i o n  o f  t h e  e q u a t i o n  
t h r o u g h  t h e  i n c l u s i o n  o f  o t h e r  e x p l a n a t o r y  f a c t o r s  ( f o r  
example  an i n d e x  o f  r a i l w a y  f a r e s ) ,  w h i c h  t u r n e d  o u t  t o  be 
u n s u c c e s f u l ,  no f u r t h e r  a t t e m p t  was made t o w a r d s  c o r r e c t i n g  
f o r  a u t o c o r r e l a t i o n .
As f o r  m u l t i c o l l i n e a r i t y ,  i t  was aggued e a r l i e r  (page 61) 
t h a t  i t ?  i l l  e f f e c t s  wou l d  show up i n  t he  fo rm o f  r e l a t i v e l y  
l a r g e  s t a n d a r d  e r r o r s  t h u s  r e n d e r i n g  t h e  r e l e v a n t  c o e f f i c i e n t s  
s t a t i s t i c a l l y  i n s i g n i f i c a n t .  And i n  f a c t  t h i s  s i m p l e s t  
p o s s i b l e  c r i t e r i o n  was a d o p t e d  i n  d e c i d i n g  w h e t h e r  t h e  
e s t i m a t e s  a r e  d i s t o r t e d  because o f  m u l t i c o l l i n e a r i t y .
However ,  an a l t e r n a t i v e  t e s t  w h i ch  may be t a k e n  t o  ap ­
p l y  i n  t h e  case o f  tUo e x p l a n a t o r y  f a c t o r s  o n l y *  has been
*  " . . . . w h e n  t h e r e  a r e  more t h a n  two e x p l a n a t o r y  v a r i a b l e s ,
we c a n n o t  s i m p l y  l o o k  a t  t h e  c o e f f i c i e n t s  o f  c o r r e l a t i o n  
and c o n c l u d e  t h a t  t h e  sample  i s  n o t  p e r f e c t l y  ( o r  h i g h l y )  
m u l t i c d l l i n e a r " .  3 .  Kmenta :  " E l e m e n t s  o f  E c o n o m e t r i c s " ,  
The M a c m i l l a n  C o . ,  Hew York  1971,  p .  384.
p r o p o s e d . *  A c c o r d i n g l y ,  m u l t i c o l l i n e a r i t y  (as  e x p r e s s e d
g
by t h e  c o r r e l a t i o n  c o e f f i c i e n t  r  ' o f  t h e  p a i r  o f  t h e
i . j
e x p l a n a t o r y  f a c t o r s  i n  an e q u a t i o n )  becomes a p r o b l e m
o n l y  i f  i t  i s  h i g h  r e l a t i v e  to  t h e  o v e r a l l  d e gr e e  o f  m u l t i -
7p i e  c o r r e l a t i o n ,  f? ' , t h a t  i s  i f
è r 2
For, e q u a t i o n  3
= 0 . 8 0 7  < R ^  = 0 . 8 6 3(PG)(YPK)
As r e g a r d s  e q u a t i o n  4,  one wou ld  e x p e c t  t h a t  p r o p o r ­
t i o n a l  changes i n  t h e  r a t e  o f  c a r  u t i l i s a t i o n  ( M) ^  o r  t h e  
s t o c k  o f  c a r s  i n  use ( S P ) ^ ,  c e t e r i s  p a r i b u s ,  w ou l d  be f o l ­
l owed  by a l e s s  t h a n  p r o p o r t i o n a l  change i n  t h e  t o t a l  quan­
t i t y  o f  p e t r o l  demanded and i n  f a c t  t h i s  t u r n s  o u t  t o  be 
t h e  case upon c o n s i d e r a t i o n  o f  t he  r e l e v a n t  c o e f f i c i e n t s ,  
w h i ch  a r e  h i g h l y  s i g n i f i c a n t  as t h e  v a l u e s  o f  t h e  t - s t a -  
t i s t i c  i n d i c a t e .  N e v e r t h e l e s s ,  t h e  c o e f f i c i e n t  r e l a t i n g
t o  FC^ seems r a t h e r  h i  g It, and u h a t  i s  more i m p o r t a n t  s h a r p l y  
c o n t r a d i c t s  t h e  c o n c l u s i o n  r e a c he d  i n  s e c t i o n  4 . 3  ( p a g e  1 1 6 ) .  
A p r o b a b l e  e x p l a n a t i o n  w ou ld  be t h a t  v a r i a b l e  EC^ i n c o r p o ­
r a t e s  t h e  i n f l u e n c e  o f  o t h e r  f a c t o r s  such as a v e r a g e  c a r  
age o r  w e i g h t  t h a t  a re  n o t  e x p l i c i t l y  c o n s i d e r e d - .  N e v e r ­
t h e l e s s ,  i t  i s  r a t h e r  u n l i k e l y  t h a t  t h e i r  i n f l u e n c e  i s  so 
g r e a t  as to  . j u s t i f y  t h e  e s t i m a t e  o b t a i n e d .  Hence i t , w a s
t h o u g h t  t h a t  such a p r o p o s i t i o n  c o u l d  be t e s t e d  t h r o u g h
L . R .  K l e i n :  " I n t r o d u c t i o n  t o  E c o n o m e t r i c s " .  P r e n t i c e -  
H a l l  I n t e r n a t i o n a l ,  London ,  p . p . 5 4 , 1 0 1 .
an a l t e r n a t i v e  f o r m u l a t i o n  o f  t h e  d e p e n d e n t  v a r i a b l e  o f  
e q u a t i o n  4.  G i v e n ,  as shown p r e v i o u s l y  t h a t  t h e  second  
m a j o r  p a r t  o f  t o t a l  p e t r o l  demand, t h a t  i s  c o m m e r c i a l  
demand,  r e m a i n ed  r e m a r k a b l y  c o n s t a n t  o v e r  t h e  p e r i o d  
u n d e r  c o n s i d e r a t i o n ,  t h e  d e p e n d e n t  v a r i a b l e  may be r e ­
d e f i n e d  as t o t a l  p r i v a t e  demand,  (Q T h i s  wasp r
done by s u b s t r a c t i n g  f r om Qy^ t h e  ( c o n s t a n t )  c o m m e r c i a l
p a r t  w h i c h  was assumed to  be 7 5 7 , 5 0 0  t h o u s a n d  g a l l o n s * *
Thus t h e  r e m a i n i n g  p a r t ,  Q , was used as t h e  d e p e n d e n t
P
v a r i a b l e  i n  e q u a t i o n  4 o f  t h e  s y s t e m .
Such a f o r m u l a t i o n , t h o u g h ,  needs some f u r t h e r  c o n s i ­
d e r a t i o n .  R e c a l l  t h a t  e q u a t i o n  4 was t a k e n  as a t e c h n o ­
l o g i c a l  r e l a t i o n s h i p ,  s h ow i ng  v a r i a t i o n s  i n  p e t r o l  demand 
as a r e s u l t  o f  v a r i a t i o n s  i n  a v e r ag e  m i l e a g e ,  number  o f  
c a r s  i n  use and t h e i r  a v e r a g e  e n g i n e  c a p a c i t y .  A p r i o r i ,  
one wou l d  e x p e c t  t h a t  w i t h  SPy and ECy c o n s t a n t  a t  any 
l e v e l  a p e r c e n t a g e  i n c r e a s e  i n  a v e r a g e  m i l e a g e  w ou l d  b r i n g  
an a l m o s t  i d e n t i c a l  i n c r e a s e  i n  p r i v a t e  p e t r o l  demand.  
D o u b l i n g  o f  M y , f o r  e x a m p l e , w i t h  S P y  and ECy c o n s t a n t  w ou l d  
d o u b l e  t h e  q u a n t i t y  o f  p r i v a t e  p e t r o l  demanded.  The same 
i s  t r u e  o f  c o u r s e  L f  changes i n  t h e  s t o c k  o f  c a r s  a r e  
c o n s i d e r e d  w i t h  My and ECy r e m a i n i n g  c o n s t a n t .  A s i m i l a r
*  The a c t u a l  a v e r a g e  a n n u a l  c o m m e r c i a l  demand was 2 . 4 8 2 7 x 1 0 6
t o n s ,  and t h e  a v e r a g e  c o n v e r s i o n  f a c t o r  3 0 3 . 3  g a l l o n s / t o n .
6The assumed v a l u e s  were 2 . 5 x 1 0  , t o n s  and 303 g a l l o n s  p e r  
t on  r e s p e c t i v e l y  ( se ^  t a b l e s  i n  A p p e n d i x ) .
a r gu me n t  t ho ug h  c a n n o t  be made f o r  ECy.  The c o n c l u s i o n  
r e a c he d  i n  s e c t i o n  4 . 3  may be c o n s i d e r e d  as a " l o w e r  
bound"  o f  changes i n  c o n s u m p t i o n  as a r e s u l t  o f  changes 
i n  e n g i n e  c a p a c i t y .  T h i s  i s  because t h e  r e l e v a n t  i n v e s t i ­
g a t i o n ,  as f a r  as t h e  C on sumpt i on  d a t a  were c o n c e r n e d  ( m i ­
l e s  p e r  g a l l o n ) ,  was based on m a n u f a c t u r e r s '  f i g u r e s  t h a t  . 
n o r m a l l y  r e f e r  t o  more o r  l e s s  " i d e a l "  c o n d i t i o n s ,  and 
as such p r o b a b l y  u n d e r e s t i m a t e  r e a l  p e t r o l  c o n s u m p t i o n .
T r a f f i c  c o n d i t i o n s ,  as w e l l  as f a c t o r s  t h a t  due to  
l a c k  p f  i n f o r m a t i o n  were n o t  considered e x p l i c i t l y  i n  t h e  
m o d e l ,  may be e x p e c t e d  t o  a f f e c t  c o n s u m p t i o n  c h a r a c t e r i s t i c s  
i n  an upward d i r e c t i o n ,  t h u s  c a u s i n g  t h e  c o e f f i c i e n t  o f  
ECy to  r i s e .  However ,  a l t h o u g h  no guess may he made c o n ­
c e r n i n g  t h e  u p p e r  bound o f  t h i s  c o e f f i c i e n t ,  i t  w o u l d  seem 
r e a s o n a b l e  t h a t  i f  t h e  c o e f f i c i e n t  o f  My and Sy w er e  c l o s e  
t o  u n i t y  f o r  t h e  r e a s o n s  p r o v i d e d  a bov e ,  t h e  c o e f f i c i e n t
o f  ECy wou ld  be more r e l i a b l e .
A n o t h e r  e q u a l l y  i m p o r t a n t  c o n s i d e r a t i o n  i s  t h a t  g i v e n  
t h e  t e c h n o l o g i c a l  n a t u r e  o f  t h e  demand f o r  p e t r o l  e q u a t i o n ,  
i t  f o l l o w s  t h a t  r e f o r m u l a t i o n  o f  t h e  d e pe n d e n t  v a r i a b l e  as 
O^y,  wou l d  s u g g e s t  t h a t  t h e  f u n c t i o n  s h o u l d  be c o n s t r a i n e d  
t o  pass t h r o u g h  t he  o r i g i n .  I n  o t h e r  words  i t  s h o u l d  be 
e s t i m a t e d  w i t h o u t  a c o n s t a n t  t e r m .  I n  t h e  h y p o t h e t i c a l  
case where one o f  t h e  m a j o r  e x p l a n a t o r y  v a r i a b l e s  (My o r
i s  e q u a l  t o  z e r o ,  one wou l d  e x p e c t  t h a t  t o t a l  p r i v a t e
demand f o r  p e t r o l  s h o u l d  be z e ro  as w e l l .
R e e s t i m a t i o n  o f  e q u a t i o n  4 u s i n g  t h e  TSLS method w i t h  
t o t a l  p r i v a t e  demand as i he  d e p e n d e n t  v a r i a b l e  gave t h e
f o l l o w i n g  r e s u l t s :
E q u a t i o n  4a :  -1 n g a r 5 t hm i  c v e r s i o n
(H =  1 . n i 1 9 ( M ) y  +  . 6 n 2 T ( E C ) y  +  . 9 0 9 4 ( S P ) y
s t a n d a r d  e r r o r s  ( . 1 3 7 9 2 )  ( . 0 2 1 2 5 ) ( . 0 2 6 0 6 )
t - v a l u e s  ( 7 . 3 3 7 )  ( 2 8 . 3 3 7 )  ( 3 3 . 8 5 2 )
= .996  
D-U = 1.21
S t .  e r r o r  o f  e s t i m a t e  o f  e q u a t i o n  = . 02992  
E s t i m a t i o n  method : TSLS
C o n s i d e r a t i o n  o f  t he  above e s t i m a t e s  shows t h a t  t h e  
o n l y  s l i g h t l y  "weak"  p o i n t  i n  t h e  r e s u l t s  i s  t h e  v a l u e  o f  
t h e  D-U s t a t i s t i c .  T h i s  does n o t  p r o v i d e  e v i d e n c e  f o r  non 
e x i s t e n c e  o f  a u t o c o r r e l a t i o n  ( t h e  t e s t  i s  i n c o n c l u s i v e ) .  
C o r r e c t i n g  f o r  a u t o c o r r e l a t i o n ,  u s i n g  a s e a r c h  p r o c e d u r e  
t e c h n i q u e ,  w h i c h  i s  a f e a t u r e  o f  t h e  c o mp u t e r  p r o g r a m u s e d ,  
gave t h e  f o l l o w i n g  e s t i m a t e s :
E q u a t i o n  4b : L o g a r i t h m i c  v e r s i o n
( q ^ ^ y  =  . 8 9 1 2 ( M ) y  +  . 5 9 2 ( E C ) y  +  . 9 4 5 ( S P ) y
s t a n d a r d  e r r o r s  ( . 1 3 4 0 7 )  ( . 0 1 9 4 6 )  ( . 0 2 8 6 5 )
t - v a l u e s  ( 6 . 6 4 6 2 4 )  ( 3 0 . 4 2 1 ) ( 3 2 . 9 8 0 )
R ^ =  . 9 9 7
D-U = 1 .812 '
S t .  e r r o r  o f  e s t i m a t e  o f  e q u a t i o n  .= .02663 
E s t i m a t i o n  m e th o d :  TSLS
Of t h e  p r e v i o u s  two e q u a t i o n s  t h e  l a t t e r  may be c o n s i ­
d e r e d  s l i g h t l y  s u p e r i o r  on t h e  b a s i s  o f  b o t h  t h e  v a l u e  o f  
t h e  D-U s t a t i s t i c  and the  s l i g h t l y  l o w e r  s t a n d a r d  e r r o r
o f  e s t i m a t e .  Hence,  i t  may be chosen as b e t t e r  e x p l a i n i n g  
v a r i a t i o n s  i n  p e t r o l  demand i n  t e rms  o f  v a r i a t i o n s  i n  
t h e  e x p l a n a t o r y  v a r i a b l e s  c o n c e r n e d .  I t  i s  a l s o  i n t e r e s ­
t i n g  t o  n o t e  t h a t  t h e  c o e f f i c i e n t s  o f  e q u a t i o n  4b a r e  i n  
a c c o r d a n c e  w i t h  t h e  a p r i o r i  e x p e c t a t i o n s  s t a t e d  a bov e.
The c o e f f i c i e n t s  o f  My and SPy  when t h e  d e pe n d e n t  v a r i a ­
b l e  i s  r e d e f i n e d  as t o t a l  p r i v a t e  p e t r o l  demand (Q ) y  
a re  v e r y  c l o s e  t o  u n i t y  and t he  e n g i n e  c a p a c i t y  ( E C ) y  
c o e f f i c i e n t  i s  j u s t  a b o u t  0 . 5 ,  ,
C h a p t e r  6
A n o n - t e c h n . l c a l  summary,  c o n c l u s i o n s  and r e co m m e n d a t i o n s
I n  t h i s  s t u d y  an a t t e m p t  has been made t o  p r o v i d e  u s e ­
f u l  i n f o r m a t i o n  r e l a t i n g  t o  t h e  demand f o r  p e t r o l  i n  t h e  
U n i t e d  Kingdom,  t h r o u g h  a model  b u i l d i n g  a p pr o ac h  based on 
p r a g m a t i c  c o n s i d e r a t i o n s .
One o f  t h e  main t a r g e t s  o f  such an a t t e m p t  i s  t o  p r o p o ­
se a d i f f e r e n t  a pp r o ac h  f r om t h a t  p u r s u e d  i n  t h e  e x i s t i n g  
l i t e r a t u r e ,  and one w h i c h ,  h o p e f u l l y ,  a p a r t  f r om a cademi c  
i n t e r e s t  may be o f  some p r a c t i c a l  v a l u e  as w e l l .  The l a t ­
t e r  c o n s i d e r a t i o n  l e a d s  to  t h e  c o n s t r u c t i o n  o f  a f r a m e w o r k  
d i c t a t e d  by s i m p l i c i t y  and s u p p o r t e d  by e x i s t i n g  e v i d e n c e .
One does n o t  need to  be an e c o n o m i s t  t o  say t h a t  t h e  
demand f o r  an e n e r g y  p r o d u c t  such as p e t r o l  i s  s i m p l y  d e t e r ­
mined by t h r e e  f a c t o r s :  t h e  a v e r a g e  m i l e a g e  p e r  c a r ,  t h e  
a v e r ag e  c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  t h e  t y p i c a l  c a r  and 
th e  s t o c k  o f  c a r s  i n  use i n  t h e  c o m mu n i t y .  These t h r e e
f a c t o r s ,  h o we v er ,  a r e  t h e  ou tcomes o f  economi c  b e h a v i o u r
' .
r e f l e c t i n g  a d j u s t m e n t s  t o  changes i n  t h e  e conomi c  e n v 6 r ô n -
men t ,  as e x p r e s s e d  p r i m a r i l y  by changes i n  p r i c e s  and i n ­
come. Hence,  t h e  a p p l i e d  e c o n o m i s t ’ s t a s k  i s  t o  l i n k  t h e  
economi c  v a r i a b l e s  i n  such a way as to  a p p r o x i m a t e  t h e  
r e l e v a n t  p r o c e s s e s  t h r o u g h  a p p r o p r i a t e l y  s p e c i f i e d  e qua ­
t i o n s .  The d i s a g g r e g a t i o n  p r o p o s e d  p e r m i t s  i n c o r p o r a t i o n  
o f  t he  a s s u m p t i o n  t h a t  consumers  a r e  l i k e l y  t o  be i n v o l v e d  
i n  p r o c e s s e s  o f  a d j u s t m e n t  b o t h  w i t h  r e s p e c t  t o  t h e  s i z e  
o f  t h e i r  c a r s  and t h e  nu i i be r  o f  c a r s  i n  u s e .  M o r e o v e r ,
i t  p r o v i d e s  a n o t h e r  u s e f u l  d i s t i n c t i o n :  i t  i s  g e n e r a l l y  a c ­
c e p t e d  i n  e n e r g y  demand s t u d i e s  t h a t  t h e  demand f o r  an e n e r ­
gy p r o d u c t  i s  a d e r i v e d  demand, and hence s t r i c t l y  r e l a t e d  
t o  t he  u n d e r l y i n g  s t o c k  o f  consumi ng  a p p l i a n c e s .  However ,  
s i m p l e  c o n s i d e r a t i o n  o f  a s t o c k  v a r i a b l e  i n  t e rms o f  n a t u ­
r a l  u n i t s  i n  use s u f f e r s  f ro m an o b v i o u s  l i m i t a t i o n :  t h a t  
i s  t h e  u n d e r l y i n g  a s s u m p t i o n  t h a t  t h e s e  u n i t s  a r e  Homoge­
neous w i t h  r e s p e c t  t o  t h e i r  c o n s u m p t i o n  c h a r a c t e r i s t i c s .  
C l e a r l y ,  t h i s  i s  h a r d l y  a r e a l i s t i c  a s s u m p t i o n .  Hence,  
e x p l i c i t  c o n s i d e r a t i o n  o f  v a r i a b l e s  w h i c h  d i s t i n g u i s h  b e t ­
ween s t o c k s  o f  e q u i p m e n t  c o n s u m p t i o n  -  w i s e  i s  c a l l e d  f o r .
I n  t h e  case o f  p e t r o l  t h i s  was done by i n c o r p o r a t i n g  i n  
t h e  model  a v a r i a b l e  s t a n d i n g  as a p r o x y  f o r  t h e  consump­
t i o n  c h a r a c t e r i s t i c s  o f  t h e  c a r  p o p u l a t i o n  d u r i n g  e v e r y  
p e r i o d .
R e c o g n i t i o n  t h a t  c o n s um e rs '  b e h a n i o u r  may be s e p a r a t e d  
i n t o  t h r e e  d i f f e r e n t  l e v e l s  ( t h r e e  b e h a v i o u r a l  e q u a t i o n s )  
p e r m i t s  i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e s  o f  v a r i a t i o n s  i n  
t h e  p r i c e s  o f  t h e  d u r a b l e s  c o n c e r n e d  as w e l l  as o t h e r  v a ­
r i a b l e s  o r  p r o c e s s e s  t h a t  a r e  l i k e l y  t o  p l a y  an i m p o r t a n t  
r o l e ;  t h i s  i s  r a t h e r  d i f f i c u l t  w i t h i n  t h e  f r a m e w o r k  o f  a 
s i n g l e  e q u a t i o n  m o de l .  Such a s e p a r a t i o n  d i c t a t e s  t h a t  t h e  
e s t i m a t e d  e l a s t i c i t i e s  s h o u l d  be i n t e r p r e t e d  a c c o r d i n g l y .
I n  t h e  m i l e a g e  e q u a t i o n  , f o r  e x am pl e ,  t h e  c o e f f i c i e n t  o f  
t h e  p r i c e  v a r i a b l e  shows t h e  p e r c e n t a g e  change i n  t h e  a v e ­
r age  c a r ' s  r a t e  o f  u t i l i s a t i o n  ( M) y ,  f o l l o w i n g  a p e r c e n t a g e  
change i n  t h e  p r i c e  o f  p e b r o l  (PG) y .  A s i m i l a r  i n t e r p r e t a ­
t i o n  i s  i n  o r d e r  w i t h  r e s j l e c t  t o  t h e  r e m a i n i n g  c o e f f i c i e n t s
û f  t h e  b e h a v i o u r a l  e q u a t i o n s .  Note  t h a t  such an i n t e r ­
p r e t a t i o n  i s  c o n s i s t e n t  w i t h  t h e  d e r i v e d  demand n a t u r e  o f  
p e t r o l .  Consumers do n o t  g e t  d i r e c t  s a t i s f a c t i o n  when t h e y  
p u r c h a s e  p e t r o l .  Hance changes i n  t h e  p r i c e  o f  p e t r o l  a f -
\
f e e t  t h e i r  d e c i s i o n s  as to  t h e  d i s t a n c e s  t r a v e l l e d  by c a r .  
C o n s i d e r a b l e  p r i c e  i n c r e a s e s  may l e a d  them t o  c u t  m i l e a g e  
a s s o c i a t e d  w i t h  p l e a s u r e  o r  s i m i l a r  t r i p s .
The p e r i o d  u n d e r  i n v e s t i g a t i o n  showed t h a t  i n  g e n e r a l  
m i l e a g e  (and t h r o u g h  e q u a t i o n  4b,  demand f o r  p e t r o l )  i s  
p r i c e  and income i n e l a s t i c .  A T% i n c r e a s e  i n  t h e  a v e r a g e  
p r i c e  o f  p e t r o l  l e a d s  t o  a r e d u c t i o n  In  a v e r ag e  m i l e a g e  
by 0 .22%.  From t h i s  an i m m e d i a t e  p o l i c y  i m p l i c a t i o n  c o u l d  
be d e r i v e d .  I f  t h e  a u t h o r i t i e s '  t a r g e t  i s  m a x i m i s a t i o n  o f  
t o t a l  r e ve nu e  f r om p e t r o l ,  t h i s  may e a s i l y  be a c h i e v e d  
t h r o u g h  t a x  i n c r e a s e s  g i v e n  t h e  i n s e n s i t i v i t y  o f  p e t r o l  
demand w i t h  r e s p e c t  . t o  p e t r o l  p r i c e  changes ( a l t h o u g h  t h e y  
c o u l d  e v e n t u a l l y  f i n d  a p r i c e  l e v e l  a t  w h i c h  demand be ­
comes p r i c e - e l a s t i c ) .  However  i f  c o n s e r v a t i o n  i s  t h e  t a r ­
g e t  t he n  t h i s  m i g h t  b e t t e r  be a c h i e v e d  by i m p o s i t i o n  o f  
l o w e r  speed l i m i t s .  Such a c o n c l u s i o n  i s  n o t  so s t r a n g e  
as i t  seems a t  f i r s t  g l a n c e .  Fo r  t h e  a v e r a g e  d r i v e r ,  i n s e n ­
s i t i v i t y  o f  d e s i r e d  u t i l i s a t i o n  ( m i l e a g e )  w i t h  r e s p e c t  
t o  p r i c e  changes ( a t  l e a s t  w i t h i n  t h e  r an ge  o f  e x p e r i e n c e d  
p r i c e  v a r i a t i o n s  up t o  1973)  i m p l i e s  t h a t  a p r i c e  i n c r e a s e  
i s  n o t  f o l l o w e d  by a d r a s t i c  d e c r e a s e  i n  a v e r a g e  c a r  u t i ­
l i s a t i o n .  I n  t h e  e x t re m e  c a s e ,  i f  a v e r a g e  c a r  u t i l i s a t i o n  
were t a k e n  as t o t a l l y  u n r e s p o n s i v e  t o  p r i c e  c h a n g e s ,  i t  
w ou l d  mean t h a t  a f t e r  a p, r i c e  change f ro m p^ t o  p  ^ ( w i t h
t h e  d i s t a n c e  t r a v e l l e d  a t  b o t h  p r i c e  l e v e l s  w o u l d  
be i d e n t i c a l  ( s a y  M ) ,  c e t e r i s  | i a r i b u s .  B u t  d i s t a n c e  t r a ­
v e l l e d  i s  s i m p l y  t h e  p r o d u c t  o f  a v e r a g e  s p e e d ,  v ,  t i m e s  t h e  
t i m e  o f  t r a v e l l i n g  t . T h e r e f o r e  i f  t h e  same d i s t a n c e  we re  
d r i v e n  a t  two d i f f e r e n t  s p e e d s ,  s ay  v^ and v ^ ,  one w o u l d  have  
r'i = V . t  = v ^ . t  w i t h  v ' ^ v .  and t  < t
□  D l l  U I G I
Now i f  l o w e r  a v e r a g e  spee d  i s  a s s o c i a t e d  w i t h  l o w e r  c o n ­
s u m p t i o n  o f  p e t r o l  [ l e r  mi lo ' ' "+ ' ,  t h i s  w o u l d  i m t i l y  t h a t  c o n s e r ­
v a t i o n  c o u l d  be a c h i e v e d ,  i n  t h e  s h o r t - r u n ,  by i m p o s i t i o n  o f  
spee d  l i m i t s  r a t h e r  t h a n  t a x  i n c r e a s e s .
The above  p r o p o s i t i o n  becomes o f  g r e a t e r  i m p o r t a n c e  i f ,  
as e q u a t i o n  2 s u g g e s t s ,  p e t r o l  p r i c e  i n c r e a s e s  a r e  t o  have  
some e f f e c t  on c a r  d e s i g n .  I f  t h e  i n d u s t r y  i s  n o t  f l e x i b l e  
enough  t o  mee t  t h e  c h a n g i n g  r e q u i r e m e n t s  o f  c o n s u m e r s ,  i t  may 
be a d v e r s e l y  a f f e c t e d  by s i g n i f i c a n t  p e t r o l  p r i c e  i n c r e a s e s .  
I n d u s t r y  f l e x i b i l i t y  i n  t h i s  c o n t e x t  s h o u l d  be t a k e n  t o  i m p l y  
t h e  p e r i o d ,  r e q u i r e d  f o r  c a r  and e n g i n e  d e s i g n  c h a n g e s ,  o r  
t e c h n o l o g i c a l  d e v e l o p m e n t s  l e a d i n g  t o  more  e c o n o m i c a l  c a r s .  B u t
" E x t e n s i v e  d a t a  on t h e  e f f e c t  o f  d r i v i n g  s p e e d s ,  s t o p -  
a n d - g o  d r i v i n g ,  h i ghu . ay  c o n d i t i o n s  and o t h e r  f a c t o r s  on 
f u e l  economy have  heen d e v e l o p e d . . .  These  d a t a  show t h a t  
a t y p i c a l  a u t o  has.  i i . s  rnax.imum f u e l  economy a t  3fl r n . o . h . ,  
w h i c h  f a l l s  by ?B% a t  uD and 34% a t  7H m . [ . i . h . " .  nee 
T . 11 i  11 and B . ! ) .  Yudow ( t he en g j . n e r ? r i n g s t .udy r e  v i e nri 
i n  c h a p t e r  3 ) ,  o p .  c i d  p . 17 6.
I t  i s  a l s o  p o s s i b l e  id a t  h i g h e r  p e t r o l  p r i c e s  w o u l d  r e s u l t  
i n  l o w e r  a v e r a g e  snee  ' and t h e r e f o r e  l o w e r  p e t r o l  c o ns u m-  
p l v i n n .
e f f i c i e n t  e n g i n e  and c a r  d e s i g n s  t a k e  t i m e  to  be d e v e l o ­
ped and t e c h n o l o g i c a l  d e v e l o p m e n t s ,  i n  t h e  sense o f  e n e r ­
g y - s a v i n g  d e v i c e s ,  t a k e  a  l o n g  t i m e  t o  c o n t r i b u t e .  Hence,  
s h o r t - r u n  p o l i c y  a i m i n g  a t  c o n s e r v a t i o n  t h r o u g h  t a x  i n c r e a ­
ses m i g h t  l e a d  t o  consumers  l o o k i n g  f o r  m o r e . e c o n o m i c a l  
c a r s .
The i n d u s t r y ’ s v i ew  on t h e  p r o b a b l e  e f f e c t s  o f  p o l i ­
c i e s  f a v o u r i n g  t h e  " s m a l l "  c a r  may b e s t  be g i v e n  by t h e  
f o l l o w i n g  q u o t a t i o n s : * *
" .  . . .  t h e  m o t o r  i n d u s t r y  has h i g h  c a p i t a l  c ommi t men t  
t o  e x i s t i n g  v e h i c l e  and e n g i n e  d e s i g n s .  A sudden 
change i n  f i s c a l  p o l i c y  c o u l d  be damaging t o  t h e  
m o t o r  i n d u s t r y  and to  o u r  b a l a n c e  o f  payments  by 
c r e a t i n g  a new p a t t e r n  o f  demand f o r  w h i ch  t h e  
i n d u s t r y  i s  n o t  g e a r e d .   ............... . . .  .
" I t  i s  t oo  e a r l y  as y e t  t o  i d e n t i f y  any c l e a r  mo- , 
vement  o f  demand t o w a r d s  s m a l l e r  v e h i c l e s  i n  t h e  
new c a r  m a r k e t ;  t h e r e  a r e  s i g n s ,  h o we v er ,  i n  t h e  
s e c o n d - h a n d  c a r  m a r k e t  t h a t  t h e  h i g h e r  c o s t  o f  f u e l  
i s  c a u s i n g  a s h i f t  o f  demand t o w a r d s  t h e  s m a l l e r  
o p t i o n .............................     • • •  .............
I t  i s .  e x p e c t e d  t h a t  t h e r e  w i l l  be a d o w n t u r n  i n
-x- See S o c i e t y  o f  Moto.r M a n u f a c t u r e r s  and T r a d e r s  L t d . :  
" E ne r g y  P o l i c y  and the M o t o r  I n d u s t r y " ,  o p .  c i t . ,  p .  5.
demand f o r  t h e  h e a v i e r  m o t o r  c a r . . . . . / , ............... ..
T h i s  i n  i t s e l f  w i l l  c r e a t e  p r o b l e m s  f o r  compan i es  
and i t  wou l d  be wrong i n  t h e  p r e s e n t  p r e c a r i o u s  
s t a t e  o f  t h e  i n d u s t r y  t o  e x a c e r b a t e  a s i t u a t i o n  
a l r e a d y  p r o m i s i n g  t o  be d i f f i c u l t ,  p a r t i c u l a r l y  
as t h e r e  wou l d  be no s i g n i f i c a n t  f u e l  s a v i n g  
i n  t h e  s h o r t - t e r m " .
A n o t h e r  i n t e r e s t i n g  f e a t u r e  o f  t h e  model  as a who le  
i s  t h a t ,  d e s p i t e  t h e  f a c t  t h a t  t h e  d o u b l e  l o g a r i t h m i c  f o r m 
employed i m p l i e s  c o n s t a n t  e l a s t i c i t i e s ,  i t  c l e a r l y  shows 
t h a t  w i t h  r e s p e c t  t o  p e t r o l  p r i c e  changes l o n g - r u n  e l a ­
s t i c i t i e s  a r e  l i k e l y  t o  be g r e a t e r  t ha n  s h o r t - r u n  e l a s t i ­
c i t i e s .  T h i s  may be seen by r e c a l l i n g  t h a t  w h i l e  i n  t h e  
s h o r t - r u n  t h e  p r i c e  e l a s t i c i t y  i s  t he  p r i c e  c o e f f i c i e n t  
i n  t h e  m i l e a g e  e q u a t i o n ,  i n  t h e  l o n g - r u n  i t '  i s  t h i s  e f f e c t  
p l u s  t h e  i n f l u e n c e  o f  p r i c e  w i t h  r e s p e c t  t o  d e s i r e d  c a r  
c h a r a c t e r i s t i c s .
However ,  a word o f  c a u t i o n  i s  i n  o r d e r  w i t h  r e s p e c t  
t o  t h e  i m p o s i t i o n  o f  t he  d o u b l e - l o g a r i t h m i c  f o r m f o r  
t h e  e s t i m a t i o n  o f  t h e  i n d i v i d u a l  e q u a t i o n s .  O b v i o u s l y ,  
i t  wou l d  be r a t h e r  u n r e a l i s t i c  to  t h i n k  t h a t  t h e  e s t i m a ­
t e d  e l a s t i c i t i e s  a r e  e x p e c t e d  t o  r e ma i n  c o n s t a n t  f o r  p r o ­
l o n g e d  p e r i o d s  and more s p e c i f i c a l l y  p e r i o d s  o f  c o n s i d e ­
r a b l e  p e t r o l  p r i c e  i n c r e a s e s .  I f  one a c c e p t s  t h i s  a r -  
gument ,  t h e n  i t  f o l l o w s  t h a t  we m i g h t  e x p e r i e n c e  changes  
t h a t  a re  n o t  t a k e n  i n t o  c o n s i d e r a t i o n  i n  t he  m o d e l .  For  
exa mp l e ,  p r o l o n g e d  and c o n s i d e r a b l e  p e t r o l  p r i c e  i n c r e a s e s .
w ou ld  p r o b a b l y  have a d e p r e s s i n g  i n f l u e n c e  on t h e  demand 
f o r  c a r  o w n e r s h i p  as w e l l .  I f  p e t r o l  p r i c e  i n c r e a s e s  
push c a r  u t i l i s a t i o n  r a t e s  be low c e r t a i n  (and r a t h e r  
d i f f i c u l t  t o  g ues s)  l e v e l s ,  t he n  some consumers  w i l l  
p r o b a b l y  s t a r t  w o n d e r i n g  w h e t h e r  to  have a c a r  a t  a l l .  
T h i s  i s  because v e r y  l o w  a v e r ag e  m i l e a g e  w ou ld  i m p l y  
n o t  o n l y  v e r y  h i g h  v a r i a b l e  ( m a i n l y  p e t r o l )  c o s t s  b u t  
h i g h  t o t a l  c o s t s  p e r  m i l e  as w e l l .
The p o i n t s  r a i s e d  above i n d i c a t e  t h a t  t h e  demand 
f o r  p e t r o l  f u n c t i o n  i s  a h i g h l y  c o m p l i c a t e d  r e l a t i o n ­
s h i p  and t h e  r e s u l t s  d e r i v e d  s h o u l d  be i n t e r p r e t e d  as 
s ho wi ng  m a i n l y  q u a l i t a t i v e  i n f o r m a t i o n .  The q u a n t i ­
t a t i v e  i n f o r m a t i o n  p r o v i d e d  by t h e  r e s u l t s  r e p o r t e d  
s h o u l d  t h e r e f o r e  be i n t e r p r e t e d  w i t h  some c a r e ,  t h a t  
i s  as r e f l e c t i n g  t h e  k i n d  o f  i n f o r m a t i o n  u s e d .
The v a r i a b l e ,  a v e r ag e  m i l e a g e  p e r  c a r ,  f o r  e x a mp l e ,  
as p o i n t e d  o u t  e a r l i e r ,  i s  based on o f f i c i a l  f i g u r e s  
d e r i v e d  f rom t r a f f i c  c o u n t s  and s u rv e ys ' ;  hence i t  was 
t a k e n  as r e p r e s e n t i n g  t h e  a v e r ag e  v a l u e  o f  t h e  r e l e v a n t  
d i s t r i b u t i o n .  To t h e  e x t e n t  t h a t ,  due t o  s a m p l i n g  e r r o r s  
t h a t  a re  i n e v i t a b l e  i n  s u r v e y s  o f  t h i s  s o r t ,  t h e  a v e ­
r age  v a l u e  r e p o r t e d  (and employed i n  t h i s  s t u d y )  d e ­
v i a t e s  f rom t h e  t r u e  a v e r a g e  m i l e a g e  p e r  c a r ,  t h e  r e ­
l i a b i l i t y  o f  t h e  r e l e v a n t  e l a s t i c i t i e s  w i l l  be a f f e c t e d .  
The s i t u a t i o n  i s  s i m i l a r  b u t  p r o b a b l y  l e s s  s e r i o u s  w i t h  
r e s p e c t  t o  t h e  s e r i e s  r e l a t i n g  t o  a v e r a g e  c a r  e n g i n e  
c a p a c i t y  and numbers o f  c a r s  i n  u s e .  The l a t t e r  v a r i a ­
b l e  shows t h e  number o f  ' i r i v a t e  c a r s  and vans l i c e n s e d
and p r o b a b l y  u n d e r e s t i m a t e s  t h e  r e a l  s t o c k  o f  c a r s  i n  
use as l o n g  as c a r s  a re  used w i t h o u t  b e i n g  l i c e n s e d .
I n  employing t h e  " s t o c k  o f  c a r s "  t i m e  s e r i e s  one hopes 
t h a t  t h e  p e r c e n t a g e  o f  road  t a x  e v a s i o n  does n o t  v a r y  
v i o l e n t l y  f r om p e r i o d  t o  p e r i o d .  N e v e r t h e l e s s ,  i t  seems 
t h a t  t h e  i n f o r m a t i o n  r e p o r t e d  i n  o f f i c i a l  documents  may 
u n d o u b t e d l y  i m p r o v e  f o r  i n v e s t i g a t i o n  p u r p o s e s .  The 
MOT sys tem ( i s s u e  o f c a r  ’ t e s t  c e r t i f i c a t e ’ ) may q u i t e  
w e l l  p r o v i d e  t h e  s o u r c e  o f  i m p r o v e m e n t  as r e g a r d s  more 
p r e c i s e  i n f o r m a t i o n  on c a r  m i l e a g e s ,  age,  w e i g h t  and 
so on ,  wh ic h  w i l l  g i v e  i n v e s t i g a t o r s  t h e  o p p o r t u n i t y  
t o  r e p o r t  more a c c u r a t e  e s t i m a t e s  on wh ic h  r e s p o n s i b l e  
p o l i c y  r e co mm en d a t i on s  c o u l d  be based .
F i n a l l y  a t e s t  i s  p r o p o s e d  on t h e  s t a b i l i t y  o f  t h e  
e s t i m a t e d  e l a s t i c i t i e s  o f  t h e  model  o r  i n  o t h e r  words  
on t h e  o v e r a l l  p e r f o r m a n c e  o f  t h e  m o d e l ,  i n  t h e  f o rm  
o f  a f o r e c a s t i n g  e x e r c i s e .  The e l a s t i c i t i e s  d e r i v e d  
f rom t h e  sample  p e r i o d ,  1 9 55 - 1 9 7 3 ,  a re  used h e r e  to  
p r o v i d e  " f o r e c a s t s "  o f  t h e  demand f o r  p e t r o l  i n  1974 ,
1975 and 1976.  S t r i c t l y ,  a p r o p e r  f o r e c a s t i n g  p r o c e ­
du re  wou l d  be one i n v o l v i n g  v a r i o u s  a s s u m p t i o n s  a b o u t  
t h e  l e v e l s  o f  t he  exogenous v a r i a b l e s  i n  t h e  model  ( s e n ­
s i t i v i t y  a n a l y s i s ) ,  and c o m p a r i s o n  o f  t h e  p r e d i c t e d  
l e v e l s  o f  p e t r o l  demand to  t h e  a c t u a l  demand t h a t  was 
unknown d u r i n g  t h e  f o r m u l a t i o n  o f  t h e  v a r i o u s  a s s u m p t i o n s .  
I n  t he  p r e s e n t  c a s e ,  when t h e  s t a t i s t i c a l  p a r t  o f  t h i s  
i n v e s t i g a t i o n  s t a r t e d ,  t h e  v a l u e s  o f  a l l  v a r i a b l e s  i n  
t h e  s y s t e m ,  up to  1974,  were known.  By t h e  c o m p l e t i o n
o f  t h e  s t u d y  v a l u e s  up to  197 6 , i n c l u s i v e  became a v a i l a b l e ,  
hence an e v a l u a t i o n  o f  t h e  p r e d i c t i v e  a b i l i t y  o f  t he  
p o s t u l a t e d  mechanism i s  p o s s i b l e .  T a b l e  31 p r e s e n t s  t h e  
v a l u e s  o f  p r e d e t e r m i n e d  (exogenous  and l a g g e d  e n do ge nou s)  
v a r i a b l e s  used i n  t h e  sys tem f o r  t h e  y e a r s  1974,  1975 and 
1976.  The a c t u a l  v a l u e s  o f  t h e  endogenous v a r i a b l e s  f o r  
t h e  same, y e a r s  a re  g i v e n  i n  t a b l e  32 , F i n a l l y ,  a com­
p a r i s o n  be tween a c t u a l  and p r e d i c t e d  v a l u e s  o f  t h e  e ndo­
genous v a r i a b l e s ,  i s  made i n  t a b l e  3.3,
To f a c i l i t a t e  t h e  c a l c u l a t i o n  t h e  sys tem o f  e q u a t i o n s  
i s  p r e s e n t e d  b e l ow  i n  n o n - d e v i a t i o n  fo r m ( p r i m e s  d e n o t e  
l o g a r i t h m s ) :
E q u a t i o n s
1 (SP) y  = -1 5 . 46 7  + .3548 (SP)'y_^ -  .3172(PE) "y  +
+ . .2. ‘5 4 ( Y PK ) g  + 5 . 3 1 9 ( P ) ^  
2’ ' ( E C ) t  = 0 . 9 4 0  + .915(EC) ' ( ,   ^ -  . 0 9 3 ( P G ) ^
-
3 ( n ) .  = 0 . 2 3 0  + . 40 97(YPK) j .  -  . 2 2 0 ( P G ) ^
( O p ) t  = .8912(1*1% + . 5 9 2 0 ( E C %  + .9 45 (SP, %
I n s e r t i n g ,  t h e  1974- 1976  l o g a r i t h m i c  v a l u e s  o f  t h e  e ndo ­
genous v a r i a b l e s  and t h e  c o r r e s p o n d i n g  l o g a r i t h m i c  v a l u e s  
o f  t h e  l a g g e d  endogenous v a r i a b l e s  i n t o  t h e  b e h a v i o u r a l  
e q u a t i o n s  1 , 2  and 3, one o b t a i n s  t h e  v a l u e s  o f  t h e  e n do ge ­
nous v a r i a b l e s ,  w h i c h  i n  t u r n  a r e  s u b s t i t u t e d  i n t o  e q ua ­
t i o n  4b.
The r e s L j l t s  a re  t n t i u l a  hed i n  t a b l e  3 4 ( t t ie  symhoi
means " p r e d i c t e d " ) .
TABLE 31
\! a  .1 u n s  n f  p r  r  ri n t  n rrii i n n H v a  r  i  a  h .1 es used i n  t h e  sys tem
E xn qnnnus
P C ( t ) = R G a l  p r i c e  i n d e x Y P K ( t ) = R o a l  i ncome p e r
o f  c a r s . ( i 9 7 n = i n n ) c a p i t a  ( i n  £ ,
1970 p r i c e s )
PC(1974)  = 9 3 YPK(1974)  = 7 3 1 . 6 6 8  '
PC(1975)  = 95 YPK(1975)  =  7 4 3 . 8 0 8
PC(1976)  = 95 YPK(1976)  = 7 4 0 . 8 6 0
P.( t )=Home [ P o p u l a t i o n P n ( t ) = f ? e a l  a v e r a g e  p r i c e  o f
( m i l l i o n s ) p e t r o l  ( i n  p e n c e / g a l l o n ,  
a l l  g r a d e s ,  1.970 p r i c e s )
P ( 1 9 7 4 )  = 55 .968 PG(1974)  = 3 5 . 4 8 4
P ( 1 9 7 5 )  • =  5 5 . 96 2 P 0 ( 1 9 7 5 )  =  3 8 . 9 7 5
P ( 1 9 7 6 )  =  5 5 . 96 2 P 0 ( 1 9 7 6 )  =  35.961
Laqqed Endoqenous
SP ( t - 1 ) = 5 t o c k  o f  p r i v a t e  c a r s EC( t - 1 ) = A v e r a g e  e n g i n e  c a p a ­
and vans i n  use ( t h o u ­ c i t y  of- c a r  p o p u l a ­
s a n d s ) ,  l a g g e d  one t i o n  ( c . c . )  l a g g e d
p e r i o d . one p e r i o d w
SP(1973)  = 13 , 80 5 EC(1973)  = 1 , 4 0 5 . 0 0
S P ( 1 9 7 4 )  = 1 3 , 9 4 8 . 2 4 .EC(1974)  = 1 , 4 1 7 . 6 0
SP(1975)  = 1 4 , 0 6 1 EC(1975)  =  1 , 4 2 5 . 3 7
t a b l e  3 2
A c t u a l  v a l u e s  o f  t h e  enr ioqenous v a r i a b l e s  r i u r i n a  t h e
" f o r e c a s t "  p e r i o d  ( T 9 7 4 . -  1976)
S P ( t )  = s t o c k  o f  p r i v a t e  c a r s E C ( t )  = Av era ge  e n g i n e  c a pa ­
and vans i n  use c i t y  o f  c a r  p o p u l a ­
( t h o u s a n d s ) t i o n  ( c . c . )
SP(1974)  = 1 3 , 9 4 8 . 2 4 EE(1974)  = 1 , 4 1 7 . 6 0
SP(1975)  = 14,061 EC(1975)  = 1 , 4 2 5 . 3 7
SP(1976)  = 14 , 37 3 E0( 197 6)  = 1 , 4 3 5 . 3 0
M ( t )  = Ave r age  m i l e a g e  o f  p r i ­ ' Q ( t )  = T o t a l  p r i v a t e  p e t r o l  
P
v a t e  c a r s  ( t h o u s a n d demand ( m i l l i o n
m i l e s ) g a l l o n s )
14(1974) = 8 . 5 q ( 1 97 4)  = 4 , 1 0 7 . 9  ■
14(1 975)  '= 8 . 6 0 ^ ( 1 9 7 5 )  = 4 , 0 2 2 . 3
M( 1976)  = 8 . 7 q ( 1 97 6)  = 4 , 2 5 6 . 6
Q*|-(t) -  T o t a l  demand f o r  p e t r o l ( m i l l i o n  g a l l o n s )
Q y ( l 9 7 4 )  = 4 , 8 6 6 . 9
Q y ( l 9 7 5 )  = 4 , 7 5 6 . 9
Q y ( l 9 7 6 )  = 4 , 9 7 9 . 3
TABLE 33
Compar i son  n f  a c t u a l  and p r e d i c t e d  v a l u e s  o f  p e t r o l  demand
1974 -  197 6 
( m i l l i o n  g a l l o n s )
A c t u a l P r e d i c t e d /(- E r r o r
Q ( 1 9 7 4 )  = 4 , 1 0 7 . 9 q _ ( l 9 7 4 )  = 4 , 1 3 0 . 8 • + 0 . 5 5 7
Q ( 1 9 7 5 )  = 4 , 0 2 2 . 3 0 ^ ( 1 9 7 5 )  = 4 , 0 8 0 . 6 + 1 . 4 4 9
Q ( 1 97 6)  = 4 , 2 5 6 . 6 Q p ( l 9 7 6 )  = 4 , 1 7 7 . 5 - 1 . 8 5 8
Q ( 1 97 4)  = 4 , 8 6 6 . 9 ( 1 9 74 )  = 4 , 8 8 8 . 3 + 0 . 4 4 0
0 ( 1 97 5)  = 4 , 7 5 6 . 9  
I
q ( 1 9 75 )  = 4 , 8 3 8 . 1  
T
+ 1 . 7 0 7
( 1 976 )  = 4 , 9 7 9 . 3 0^ ( 1 9 76 )  = 4,  9 3 5 . 0 - 0 . 8 9 0
TABLE 34
P r e d i c t e d  v a l u e s  o f  endogenous v a r i a b l e s  (1974 -  1976)
sV( l9 7  4) 9 .5 6 05 10 3 2 SP(1974) =: 1 4 , 1 9 3 . 0 9  t h o u s a n d  c a r s
EC'(1974) = 7 .2 3 90 05 6 13 0 r e" c (1,974) 1 , 3 9 3 . 8 2  c . c .
m' ( 1974) = 2 . 1 46 90 74 12 M(1974) =r 8 .5 5 8  t h o u s a n d  m i l e s
q ' ( 19 74 ) = 15 .2 339 71 05 6 p ( l 974 ) 4 , 1 3 0 . 8  m i l l i o n  g a l l o n s
A ,
SP( 1975) = 9 . 56T03318 SP(1975) 1 4 , 2 0 0 . 5 1  t h o u s a n d  c a r s
EC(1975) = 7 .2 3 92 47 7 52 o r ET( 1975) = 1 , 3 9 3 . 0 5  c . c .
f ' l ' ( l97 5) =: 2 .1 33 00 49 66 . M(1975) 8 . 4 4  t h o u s a n d  m i l e s
Q p ( l 9 7 S ) =: 15 .22174504 q i p ( l 9 7 5 ) = 4 , 0 8 0 . 6  m i l l i o n  g a l l o n s
SP' (1975) = . 9 . 56 288 12 4 SP(T976) =: 1 4 , 2 2 6 . 7 8  t h o u s a n d  c a r s
F x ' ( i 9 7 e ) = 7 . 2 5 1 73 4 37 5 o r EC(1976) =: 1 , 4 1 0 . 5 5  c . c .
?i ' ( l97 5) = 2 .14908 47 53 M(1976) = 8 . 5 77  t h o u s a n d  m i l e s
Q p ( l 9 7 5 )
1 -....- -
= 15 .2452 13 85 O p ( l 9 7 6 ) 4 , 1 7 7 . 5  m i l l i o n  g a l l o n s
M o r eo v e r  g i v e n  t h a t :
P r i v a t e  p e t r o l  demand (Qp) = T o t a l  p e t r o l  demand (Qy)  -
“ Commer c i a l  p e t r o l  demand
i t  f o l l o w s  t h a t :
= (Vt  + (Vt
R e c a l l  h owe ve r ,  t h a t  p r a g m a t i c  c o n s i d e r a t i o n s  d i c t a t e d  
t h a t  (demand by goods v e h i c l e s )  re ma in e d  f a i r l y  c o n s t a n t  
d u r i n g  t h e  o b s e r v a t i o n  p e r i o d ,  and t h i s  ( c o n s t a n t )  q u a n t i t y  
was t a k e n  t o  be e qua l  t o  K= 75 7 , 5  m i l l i o n  g a l l o n s .  A c c o r d i n g l y ,  
= (Mp)t + K
and t h e r e f o r e :
A
Qy.(l  974)  = 4 , 8 8 0 . 3  m i l l i o n  g a l l o n s  
Q y ( l 9 7 5 )  = 4 , 8 3 8 . 1  " "
f ) . , . ( l976)  = 4 , 9 3 5 . 0  " "
A c o m p a r i s o n  o f  t h e  v a l u e s  o f  p r i v a t e  and t o t a l  p e t r o l  
demand p r e d i c t e d  by t he  model  w i t h  t h e  a c t u a l l y  r e c o r d e d  
q u a n t i t i e s  may be . c o n s i d e r e d  as r a t h e r  e n c o u r a g i n g  (see 
t a b l e  33 ) .  Fo r  1974,  i n  p a r t i c u l a r ,  i t  may be seen t h a t  
t h e  f o r e c a s t i n g  e r r o r  i s  a ro un d  a h a l f  p e r c e n t .  Note  
h owe ve r ,  t h a t  such a s u r ' ) r i s i n g ]  y s m a l l  e r r o r  r e f e r s  to  
t h e  p e r f o r m a n c e  o f  t h e  model  as a w h o l e .  C o n s i d e r a t i o n  
o f  t he  v a l u e s  p r e d i c t e d  by t h e  i n d i v i d u a l  b e h a v i o u r a l  
e q u a t i o n s  shows t h a t  t h e  o v e r a l l  model  p r e d i c t i o n  e r r o r  
i s  t he  n e t  r e s u l t  o f  two o p p o s i n g  e r r o r s ,  m a i n l y  a t t r i ­
b u t e d  t o  e q u a t i o n s  1 and 2.  Fo r  1974,  t h e  demand f o r  c a r  
o w n e r s h i p  e q u a t i o n  o v e r p r e d i c t s  by 1 . 7 6 /p w h i l e  t h e  en­
g i n e  c a p a c i t y  e q u a t i o n  u n d e r p r e d i c t s  by a s i m i l a r  p e r c e n t a ­
ge ( - 1  .677:"  ) .
For  1975 and 1976,  t h e  c o r r e s p o n d i n g  e r r o r s  ( c a l c u l a ­
t e d  as p r e v i o u s l y  f rom t a b l e s  32 and 34) a r e  0.992/3 and 
-1.G17C: f o r  c a r  o w n e r s h i p  ( e q u a t i o n  1 ) and —2.267;:" 
and -1 .724' / '  f o r  a ve r ag e  e n g i n e  c a p a c i t y  ( e q u a t i o n  2 ) .
The e r r o r s  f o r  e q u a t i o n  3 ( m i l e a g e  e q u a t i o n )  were + 0 . 6 8 2 ^  
-1.B6G;.3 and - 1 . 4 1 4 % f o r  1974,  197,5 and 1 976 r e s p e c t i v e l y .
I t  s h o u l d  be n o t e d  a l s o  t h a t  t h e  v a l u e s  p r e d i c t e d  by a l l  
e q u a t i o n s  f o r  t h e  y e a r s  1974 -1 976  r e f e r  t o  " p o i n t  f o r e ­
c a s t s "  and as such t h e y  a r e  u n n e c e s s a r i l y  s t r i c t .  From
a s t a t i s t i c a l  p o i n t  o f  v i e w  i t  w o u l d  be p r o p e r  t o  c a l ­
c u l a t e  c o n f i d e n c e  i n t e r v a l s  a r o u n d  t h e  p o i n t  f o r e c a s t  
v a l u e  Which  i n  e s s e n c e  d e t e r m i n e  a w h o l e  r a n g e  o f  p r e ­
d i c t i o n  v a l u e s  ( t h u s  r e d u c i n g  t h e  a c t u a l  p r e d i c t i o n  e r r o r ) .  
U n d e r  s u c h . a n  i n t e r p r e t a t i o n  t h e  above  r e s u l t s  a r e  n o t  
s w ^ r i s i n g .  On t h e  c o n t r a r y ,  t h e y  may be u t i l i s e d  i n  o r d e r  
t o  d r aw f u r t h e r  c o n c l u s i o n s  t h a t  may be o f  use  f o r  f u t u r e  
r e s e a r c h .
They  a r e  n o t  s u r p r i s i n g  i f  i t  i s  r emembered  t h a t  1974 
was t h e  y e a r  o f  t h e  " 3 - d a y  w eek "  w h i c h  h i t  t h e  m o t o r  i n ­
d u s t r y  s e v e r e l y .  On t h e  o t h e r  hand " The  i n c r e a s e  .in i m ­
p o r t e d  o i l  p r i c e s  has compounded an a l r e a d y  s e r i o u s  e c o ­
n o m i c  s i t u a t i o n  i n  t h e  U . K .  The d u a l  e f f e c t  o f  t h e  m i n e r s ’ 
i n d u s t r i a l  a c t i o n  and i n c r e a s e d  o i l  p r i c e s  has been t o  
d e p r e s s  s e r i o u s l y  c on su me r  demand d u r i n g  1974 and 1 9 7 5 ,  
d i r e c t l y  a f f e c t i n g  t h e  demand f o r  new v e h i c l e s  i n  t h i s  
p e r i o d  and l e a d i n g  t o  a p o s t p o n e m e n t  o f  some i n v e s t m e n t  
p l a n s  by t h e  i n d u s t r y " . *  The s t o c k  o f  c a r s  i n  u s e  g rew 
by o n l y  1!^, 0.81: ; '  and 2 . 2 2 ^  i n  197 4 ,  1975. and 1976 r e s ­
p e c t i v e l y  as compar ed  t o  an a v e r a g e  1% p e r  y e a r  d u r i n g  
1 9 5 5 - 1 9 7 3 .  T h i s  c o n s i d e r a t i o n  i n d i r e c t l y  e s t a b l i s h e s  t h e  
i m p o r t a n c e  o f  t h e  h y p o t h e s i s e d  s t o c k  a d j u s t m e n t  m e c h a -  . , 
n i s m *  I t  a l s o  s u g g e s t s  t h a t  r e f o r m u l a t i o n  o f  t h e  m od e l
S o c i e t y  o f  M o t o r  M a n u f a c t u r e r s  and T r a d e r s  L t d . :  
" E n e r g y  P o l i c y  and t h e  M o t o r  I n d u s t r y "  o p .  c i t . ,  
P * 11»
so as t o  i n c o r p o r a t e  c o n s i d e r a t i o n s  r e l a t i n g  t o  t h e  s u p p l y  
s i d e  o f  t h e  c a r  m a r k e t  w i l l  i m p r o v e  i t s  p r a c t i c a l  v a l u e  
and p e r f o r m a n c e .  T h u s ,  f u r t h e r  r e s e a r c h  i s  needed  a l o n g  
t h e s e  l i n e s . .  U n f o r t u n a t e l y ,  s uc h  an e x t e n s i o n , g i v e n  t h e  
r e l a t i v e l y  s m a l l  number  o f  a v a i l a b l e  o b s e r v a t i o n s ,  c o u l d  
n o t  be made.  An a t t e m p t  t o  i n c r e a s e  t h e  s a m p l e  u s i n g  
q u a r t e r l y  d a t a  on a l l  v a r i a b l e s  c o n c e r n e d  p r o v e d  t o  be 
i m p o s s i b l e  due t o  d a t a  u n a v a i l a b i l i t y .  I t  i s  hoped  
t h a t  when new i n f o r m a t i o n  becomes a v a i l a b l e  t h i s  e x t e n ­
s i o n  w o u l d  t h e n  be p o s s i b l e  t o  t h e  b e n e f i t  o f  e v e r y o n e  
c o n c e r n e d  w i t h  t h e  p r o b l e m  o f  p e t r o l  demand and i t s  
i n t e r e s t i n g  and i m p o r t a n t  i m p l i c a t i o n s .
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S o u r c e s  o f  d a t a :  1955 -  1973
Col umn (s ) S o u r  c o ( s )
( l  ) ,  ( 2 ) ,  ( 5 ) : M i n i s t r y  n f  Power S h a t i s t i c a l  D i g e s t  1967
" " " D i g e s t  o f  En er gy  S t a t i s t i c s  -
1968,  1969.
M i n i s t r y  o f  T e c h n o l o g y  D i g e s t  n f  E n er gy  S t a ­
t i c  t i c s  1970,
D i g e s t  o f  Ener gy  S t a t i s t i c s  1 9 7 1 - 1 9 7 5 .
(4 )  : C a l c u l a t e d  as Q j - K ,  where K=757 ,5  m i l l i o n
g a l l o n s .
( 5 ) : Same as f o r  ( 1 ) ,  ( 2 ) and ( S ) .
( 6 ) , ( 7 ) : C a l c u l a t e d  f rom u n p u b l i s h e d  i n f o r m a t i o n  p r o ­
v i d e d  by D r i t i s h  P e t r o l e u m ,
( 8 )  : Economic  T r e n d s ,  Annua l  S u p p l e me n t  1975,  p ,  93 .
( 9 ) ,  ( i n )  : C a l c u l a t e d  as ( 6 ) - ^ - ( 8 )  and ( 7 ) - r - ( 8 )  .
( 11 ) : 1 9 5 5 - 6 2 :  B a s i c  Road S t a t i s t i c s ,  1974 ,  p.- 36
1 9 6 3 - 7 3 :  Annua l  A b s t r a c t  o f  S t a t i s t i c s  (AAS) 
197.5 p .  245 ( f o r  G r e a t  B r i t a i n )  and AAS p .  252 
( f o r  N, I r e l a n d  , The f i g u r e  f o r  c a r s  i n  use 
i n  N, I r e l a n d , f o r  1973 f rom R e g i o n a l  S t a ­
t i s t i c s ,  No 12,  197 6 ) ,
( 1 2 ) : M i n i s t r y  o f  T r a n s p o r t  Highway S t a t i s t i c s  1967
and " T r a n s p o r t  S t a t i s t i c s " ,  G r e a t  B r i t a i n ,
1964-74  where d i s t r i b u t i o n s  o f  t h e  c a r  p o p u ­
l a t i o n  a c c o r d i n g  to  e n g i n e  c a p a c i t y  a r c  g i v e n .  
Those d i :  t r i h u t i o n s  r e f e r  to G r e a t  B r i t a i n  and 
s t a r t  f r i i ' n 1960.  Tl ie e s t i m a t e d  means and
Col umn( s ) S o u r c e ( s )
th e  e x t r a p o l a t e d  v a l u e s  p r i o r  t o  1950 u e r e  
assumed to  be v a l i d  f o r  t h e  w ho l e  U n i t e d  
Kingdom.
( 13 )  : Pa ss e ng e r  T r a n s p o r t  i n  G r e a t  B r i t a i n ,  v a r i o u s
v o lu m es .
(1 4)  : C a l c u l a t e d  as ( 6 ) - r - (  1 3) .
( 15 )  : T h i s  r e p r e s e n t s  a p r i c e  i n d e x  o f  c a r  p u r c h a s e s ,
new and second hand.  Data  f o r  t h e  p e r i o d  
19 5  5 - 1 9 6 4  were o b t a i n e d  f r om " T r a n s p o r t  and 
Road Research  L a b o r a t o r y " ,  TRRL L a b o r a t o r y  
R e p o r t  650,  p .  12.  I n f o r m a t i o n  f o r  t h e  p e r i o d
1 9 6 4 - 1 9 7 3 , was t a k e n  f rom " T r a n s p o r t  S t a t i s t i c s :  
G r e a t  B r i t a i n ' , ’ 1 9 6 4 - 1 97 4 ,  D e p a r t m e n t  o f  t h e  
E n v i r o n m e n t ,  HMSG, D u l y  1976,  t a b l e  0,  p .  8 .
S i n c e  t h e  two s e r i e s  have d i f f e r e n t  base p e r i o d s ,  
t he  y e a r  1964 was used i n  o r d e r  t o  l i n k  them.
The r e s u l t i n g  p r i c e  i n d e x  was s u b s e q u e n t l y  e x ­
p r e s s e d  i n  r e a l ,  1970,  t e r m s .
( 16)  : Economic T r e n d s ,  Annua l  S u p l em en t  1975 p .  16.
( 17 )  : Annua l  A b s t r a c t . o f  S t a t i s t i c s ,  v a r i o u s  v o l u m e s .
(1R) : C a l c u l a t e d  as ( 1 6 ) - 7 ~ ( 1 7 ) .
( l 9 )  : T h i s  i s  a w e i g h t e d  a v e r a g e  a n n u a l  i n d e x  o f  t h e
minimum d e p o s i t  r e q u i r e d  f o r  t h e  p u r c h a s e  o f  
a c a r .  The n umhe rü o f  months d u r i n g  w h i c h  a 
p a r t i c u l a r  d e p o s i t  was a p p l i c a b l e  were used as 
w e i g h t s .  The r e l e v a n t  i n f o r m a t i o n  was o b t a i n e d
C o l u m n ( s ) S o u r  c e ( s )
f r o m :  "The  M o t o r  I n d u s t r y  o f  G r o a t  G r i t a i n " ,  
-S.M.M.T.  1971 ,  p .  352 and C a l e n d a r  o f  E c o n o ­
m i c  E v e n t s ,  NIESR 1 97 3 ,  p .  92.
( 2 0 )  : A n n u a l  a v e r a g e  c a r  m i l e a g e  based  on t r a f f i c
c o u n t s  and s u r v e y s .  Da t a  f o r  1 9 5 5 - 1 9 5 7  were 
t a k e n  f r o m :  J .  B.  D u n n : " 5 0 - P o i n t  T r a f f i c  c e n s u s  
r e s u l t s  f o r  1 9 6 5 " ,  Road R e s e a r c h  L a b o r a t o r y  
R e p o r t  No 45.  O b s e r v a t i o n s  f o r  1 9 5 R - T 9 7 3  w e r e  
o b t a i n e d  f r o m :
■Hi ghway  S t a t i s t i c s :  1967 ,  t a b l e  35 ,  p .  49 
" "  : 1969 ,  " 33 ,  p .  47
" "  : 1 97 0 ,  " . 3 0 ,  p .  46
" " : 197 1 ,  "  31 ,  p .  42
and T r a n s p o r t  S t a t i s t i c s  G . D . , 1 9 6 4 - 7 4 :  t a b l e  
23,  p .  41 .
(21.) : 1 9 5 5 - 1 9 6 4 :  A n n u a l  A b s t r a c t  o f  S t a t i s t i c s  ( A A S ) ,
1965 ,  t a b l e  2 32 ,  p .  191 ( G r e a t  B r i t a i n ) .
1 9 6 5 - 1 9 7 3 :  AAS, 1975,  t a b l e  257,  p .  245 ( G r e a t  
B r i t a i n )
1 9 5 5 - 1 96 4 :  AAS, 1965,  t a b l e  239,  p .  196 (N.
I  r e l a n d )
1 9 6 5 - 1 97 3 :  AAS, 1975,  t a b l e  252,  p .  266 (N.  
I r e l a n d ) .
( 2 2 ) : C a l c u l a t e d  as (1 1 )x(T2) 4- 1000c.c.
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Co] .umn(s)  S o u r c e ( s )
( l ) ,  ( 2 ) ,  ( 3 ) and ( 5 ) : 1974:  Same as For  ( 1 ) ,  ( 2 ) ,  ( 3 )  and ( 5 )
1 9 7 5 - 1 9 7 5 :  D i g e s t  o f  U . K .  Energy  S t a t i s ­
t i c s  1977,  T a b l e  46,  p.. 6.9.
( 5 ) : 1974:  Same as f o r  ( 6 )
1 9 7 5 - 1 97 6 :  From " P e t r o l e u m  R e v i e w " , March
1978,  page 48.  S i n c e  t h e  f i g u r e s  g i v e n  
i n  t h i s  s o u r c e  r e f e r  to  p r i c e s  o f  r e t a i l  
s t a t i o n s ,  t h e  p r e v a i l i n g  i n  1974 p r i c e  
d i f f e r e n t i a l  ( 7 . 5  p e n c e / g a l l o n )  f o r  s a l e s  
o t h e r  than t h r o u g h  r e t a i l  s t a t i o n s  ( ' r e p r e  
s e n t i n g  5.77% and 5.33% of. t o t a l  s a l e s  
i n  197 5 and 1975 r e s p e c t i v e l y )  has been 
assumed.
( 8 )  : 1974:  Same as f o r  ( 8 ) .
1 9 7 5 - 1 9 7 6 :  "Econ omi c  T r e n d s " ,  December 
1977.
,
( 9 ) : C a l c u l a t e d  as ( 6 ) - —( R ) .
( 1 1 ) : 1 974:  Same as f o r  ( I I ) . .
1 9 7 5 - 1 9 7 6 :  T r a n s p o r t  S t a t i s t i c s :  G r e a t  
B r i t a i n ,  1 9 5 6 - 1 9 7 6 ,  t a b l e  44,  p .  64.
( 1 2 ) : 1974:  Same as f o r  ( l 2 ) .
1 9 7 5 - 1 9 76 :  T r a n s p o r t  S t a t i s t i c s :  G r e a t  
B r i t a i n ,  19 66 -1 976 ^  t a b l e  45.
( i s )  : 1974:  Same as f o r  ( 1 5 ) .
1 9 75 - 1 9 7 6 :  T r a n s p o r t  S t a t i s t i c s :  G r e a t  
' r i t a i n ,  195.6-1 976,  t a b l e  9,  p .  7.
( 1 6 ) : ■; 974 : Same, as f o r  ( 1 6) .
1 9 7 5 - 1 9 76 :  Economic  T r e n d s ,  December  1977
C ol umn( s ) S o u r  c g ( s )
( 1 7 )  : 197 4 : Same as f o r  ( 1 7 ) .
1975:  Annua l  A b s t r a c t  o f  S t a t i s t i c s  I97ô 
p.  7 ( l a t e s t  o b s e r v a t i o n ) .
1975:  F i g u r e  assumed e q u a l  to  t h a t  o f  
1 975.
,  / ✓
( 1 8 )  : C a l c u l a t e d  as ( l 6 ) - 7 - ( l 7 ) .
( 2 0 )  : 1974:  Same as f o r  ( 2 0 ) .
1 9 75 - 1 9 7 6 :  T r a n s p o r t  S t a t i s t i c s ,  G r e a t  
B r i t a i n  1 96 6- 1 97 6 ,  t a b l e  35.
Data  used i n  s e c t i o n  4 . 3  f o r  t h e  e x a m i n a t i o n  o f  t h e  r e l a ,  
t i o n s h i p  between c a r  e n g i n e  c a p a c i t y  o f  c a r  i  ( EC. j and 
m i l e s  p e r  g a l l o n  o f  p e t r o l  , ( zV)  g i v e n  by c a r  i .
EG.1
( i n  c c )
Z.. 1
EG.1
ECi
■ 59:4 SO 1496 32 2393 25
843 42 1498 31 2404 23
.845 40 1558 28 2492 24
848 4 6 . 7 5 1565 30 2494 22
07 5 43 1 570 25 2498 24
903 38 1573 29 2563 23
944 . 38 1584 . 3 1 . 11 2565 24 .
954 34 1585 27 2593 14
956 36 1586 30 2616 1 7
985 37 1588 31 2664 22 :
988 40 1592 2 6 . 8 2687 20
991 31 ' 1593 3 0 . 9 2 2746 23
993 4 0 . 6 7 1595 32 2784 22
998 40 1598 3 2 . 5 7 2788 22
1093 3 5 1599 30 2949 23
1097 4 1 . 6 1605 29 2985 1 9 . 3 3
1098 36 1647 28 2994 2 3 . 6 7
1107 3 4 . 6 7 1725 2 9 . 6 2997 22
1108 35 1748 2 6 . 2 5 3235 1 7 . 5
1116 32 1756. 26 3294 22
1118 32 . 71 1759 27 3296 18
1130 31 17 60 25 3442 21
1166 37 1769 27 , 3 4 9 9 22
1169 38 1770 2 9 . 3 3 3528 2 0 . 2 5
1171 3 9 . 2 1779 23 4235 18
1186 2 7 . 7 5 1798 2 7 . 9 4520 16
1196 38 18 54 33 5340 14
1198 30 1871 24 5343 15
1256 3 5 . 1 4 1097 29 6329 12
1272 34 1948 35 6750 12
1275 3 4 . 2 1962 2 1 . 5 7212 14
1285 32 1964 20
1288 28 1968 27
1289 3 2 . 2 5 1971 2 6 . 8 3
1290 3 0 . 4 1973 24
1292 37 1985 27
1294 3 2 . 3 3 1989 27
1295 34 1990 2 4 . 7 3
1296 35 1991 26
1297 3 4 . 6 2 1993 2 8 . 7 7
1298 33 1998 2 5 , 5
1428 34 2127 25
1470 2 9 . 1 1 2265 24
1471 3 3 . 6 7 2227 2 4 . 5
147 5 28 2279 2 4 . 8 3
1478 32 2292 2 0 . 3 3
1485 3 0 . 8 2307 25
S o u r c e :  M o t o r  G u i de ,  D u l y  1974.
E c o n o m e t r i c  M e t h o d o l o g y
I n  t h i s  a p p e n d i x  a s h o r t  d e s c r i p t i o n  i s  p r o v i d e d  o f  
t h e  e c o n o m e t r i c  me t h e d o  l o g y  a d o p t e d ,  when e s t i m a t i n g  t h e  
s t r u c t u r a l  r C f n  t i e n s  h i  f is o f  t h e  model . ,  to c o r r e c t  f o r  
a u t o c o r r e l a t i o n .
I t  i s  assumed t h a t  t h e  r e l a t i o n s h i p  t o  be e s t i m a t e d  
i s  g i v e n  by t h e  e q u a t i o n :
S .  =  %  “ t  p p .
w i t h  t h e  e r r o r  t e rm as si un ed t o  1 ' o l l n w  a f i r s t  -  o r d e r  a u t o ­
r e g r e s s i v e  sel l  erne :
wh e re  e^ , i s  a p u r e  random e r r o r  s a t i s f y i n g  a l l  t h e  u s u a l  
a s s u m p t i o n s ,  and p i s  t h e  a u t o r e g r e s s i v e  p a r a m e t e r .  a g ­
o i n g  e q u a t i o n  ( l )  by one p e r i o d  and m u l t i p l y i n g  t h r o u g h  
hy p and t h e n  sut i  t r a c  t i n g  f r o m  ( 1 ) one o b t a i n s :
1  = V ‘o P - P )  + -  p P l - 1  + p 2 + p p t - r  -  S g P Y t - z  + ' ^t  ( P
wh e re  no a u t o c o r r e l a t i o n  e x i s t s .  Ry e m p l o y i n g  an i t e r a ­
t i v e  p r o c e d u r e  wh er e  a g r i d  o f  v a l u e s  o f  p f r o m  - . 9  
t o  + . 9  i n  s t e p s  o f  .1 i s  t r i e d ,  one f i n d s  t h a t  v a l u e  o f  
p. w h i c h  m i n i m i s e s  t h e  r e s i d u a l  sum o f  s q u a r e s .
A l t e r n a t i v e  . f o r m u l a t i o n s  o f  t h e  b e h a v i o u r a l  e q u a t i o n s
I n  t h i s  p a r t  a s e l e c t e d  s e t  o f  a l t e r n a t i v e  f o r m u l a t i o n s  
o f  t h e  b e h a v i o u r a l  e q u a t i o n s  i s  g i v e n ,  a c c o r d i n g  t o  w h i c h  
an e v a l u a t i o n  o f  t h e  r e l a t i v e  p e r f o r m a n c e  o f  v a r i o u s  v a ­
r i a b l e s  t r i e  d rn a y he m a d e . ’. /o r  y b r i e f l y ,  t h e  r e  s u‘ 1 1 s m a y
he s u m m a r i s e d  as f o l l o w s :
E q u a t i o n  i : The m o s t  s t r i k i n g  f e a t u r e  i s  t h e  c hange  o f  t h e
c o e f f i c i e n t  o f  t h e  nn.dogenows v a r i a b l e s  ( EP ) ^ ^ , when t h e  
i n f l u e n c e  o f  d e m o g r a p h i c  f a c t o r s  ( l ' )  , i s  n e g l e c t e d .  I t s  
v a l u e  i n  suc h  a c as e  i s  i n  t h e  n e i g h b o u r h o o d  o f  . 7 0  t o  a b o u t  
. 8 0  i m p l y i n g  e x t r e m e l y  s l o w  a d j u s t m e n t  o f  a c t u a l  t o  d e s i r e d  
s t o c k .  T h i s  c o n t r a d i c t s  w i t h  o t h e r  e m p i r i c a l  f i n d i n g s  
( s e e  page 1 7 3 ) .  The c r e d i t  c o n d i t i o n s  v a r i a b l e  ( ! l )  ( f o r m u ­
l a t i o n  v i i i )  a l t h o u g h  s i g n i f i c a n t  and i n  a c c o r d a n c e  w i t h  a 
p r i o r i  e x p e c t a t i o n s  r e n d e r s  t h e  i n c o m e  (YPK) c o e f f i c i e n t  
s t a t i s t i c a l l y  i n s i g n i f i c a n t .
E q u a t i o n  2 :  R e c a l l  t h a t  i n c l u s i o n  o f  l a g g e d  e n d o g e n o u s
v a r i a b l e s  i n  an e q u a t i o n  r e n d e r s  t h e  D+IJ s t a t i s t i c  i n a p ­
p l i c a b l e .  H e r e ,  an a t t e m p t  t o  c o r e c t  f o r  a u t o c o r r e l a t i o n  
( d e n o t e d  by p r o d u c e d  c o e f f i c i e n t s  f o r  ( E C ) ^  g r e a t e r
t h a n  u n i t y .  T h i s  c o n t r a d i c t s  w i t h  t h e  h y p o t h e s i s  t h a t  t h e '  
c o e f f i c i e n t  s h o u l d  l i e  h e t we e n  z e r o  and u n i t y .  These  f o r m u ­
l a t i o n s  wo re  r e j e c t e d  i n  f a v o u r  o f  t h e  u n c o r r e c t e d  ( f o r  
a u t o c o r r e l a t i o n )  v e r s i o n .
E q u a t i o n  3 : T l i e  " p r i c e  o f  p r em i um p e t r o l "  v a r i a b l e  (P 2 ,
gave r e s u l t s  s i m i l a r  t o  t h o s e  f i n a l l y  a c c e p t e d  w i t h  ( P E ) y  
as t h e  r e l e v a n t  r e g r e s s o r  ( f o r m u l a t i o n  i v ) .  D e f i n i t i o n  
o f  t h e  i n c o m e  v a r i a b l e  ar PY3 ( r e a l  f a m i l y  i n c o m e  e x c l u d i n g
e x p e n d i t u r e  nn f o o d  and h o u s i n g )  gave a l s o  e s t i m a t e s  c l o s e  
t  o t h o s e  r c p o r  I: e r I i n  oh a t  n r  E . T h d n x ;i 1 a n n t o r  y p n i .1 o r  o f  
v a r i a b l e s  such ' as " n l i nn p nn  .i n r e a l  p n r s o n o l  d i s p o s  oh he 
i  n c 0 m G p e r  ca p i. t. a " YI ■' K ) n r  a n ' ' i  n d e x o f  r  a i  1 w.a y f  a r  n s 
( R ) ij as uns a t  i  s F a c t o r y  ( f  0  rmu .1 a t  i n  ns i i ,  v , v i  a n d x ) .
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